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sn-muY 


A  progran  of  expcriaents  I3  r«port«d  iu  which  ylclblllcj  dlataneec 
for  nilltAry  Cargeta  have  been  eeeeeeed  ueing  e  scele-nodel  elanletor. 
Target*  were  observed  along  ground  paths  tinder  «ilanlated  natnrirl  and  arti> 
flcial  conditions  of  night-tinc  illuaination. 

The  experiaents  were  concerned  with  both  detection  and  identifi¬ 
cation  of  the  targets.  The  targets  were  selected  to  represent  different 
classes  of  allitarj  targets  and  included  a  taak,  araored  personnel  carrier^ 
and  anti-tank  gun  and  crew.  These  targets  were  viewed  under  starlight, 
aoonllght,  and  searchlight  conditions.  They  were  alwigrs  located  in  uncon¬ 
cealed  positions  and,  in  different,  experiaents,  on  relatively  unifora  and 
non-unifora  terrain.  Their  visibility  under  searchlight  illuaination  was 
studied  under  a  wide  range  of  apecial  conditions  relating  to  searchlight 
duration,  displacement  frea  observer,  and  flicker. 

When  the  targets  were  on  uniform  terrain,  detection  distances 
obtained  under  starlight  illufld.natiott  were  abouc  I90  yards  for  the  tank 
and  AFC.  The  anti-tank  gun  and  crew  vcould  not  be  seen  at  the  adniaua 
distance  it  was  possible  to  use,  about  100  yards.  Under  moonlight  illuadn- 
ation,  the  tank  was  reasonably  detectable  at  between  9OO  and  1000  yards; 
the  AFC  was  about  as  visible  or  a  little  more  so;  900  yards  represents  the 
detection  distance  for  the  anti-tank  gun  and  crew.  Identification  distance 
under  these  conditions  is  estimated  at  about  500  yard*  for  the  tank  and  AFC. 

When  the  tank  was  located  on  non-uniform  terrain,  its  detection 
distance  was  reduced  to  about  640  yards  which  is  about  the  maxlsiBm  identi¬ 
fication  range  already  noted. 

With  searchlight  illumination,  the  vehicle  targets,  when  on 
uniform  terrain,  could  be  detected  at  the  uaxlaaim  range  of  1^00  yards. 

The  anti-tank  gun  and  crew  were  visible  to  about  1000  yards  under  the  same 
conditions . 


Targets  located  on  non-uniform  terrain  and  viewed  under  searchlight 
illumination  were  detectable  in  a  complex  way  as  a  function  of  iawHdiate 
background,  duration  of  searchlight  illumination,  and  searchlight  displace¬ 
ment  from  the  observer.  The  poorest  visibility  occurred  when  the  targets 
were  against  a  tree  background,  for  short  durations  of  Illumination,  and 
with  the  searchlight  not  displaced  from  the  observer.  Under  these  condi¬ 
tions,  again,  the  detection  range  was  about  the  sanm  as  the  identification 
range  noted  earlier. 

Attention  was  given  to  determining  when  possible,  the  stimulus 
rectors  underlying  the  visibility  of  the  targets.  In  this  regard,  photo- 
matric  data  allowed  some  determination  of  correspondence  of  results  with 
predictions  from  more  basic  visuel  detection  data.  Fhotomctric  data  were 
also  used  to  relate  the  simulator  conditions  to  actual  field  conditions 
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i.  imOPOCTIOM 


Tha  pressnt  report  soaBarisee  the  sxperlaentel  stadlea  coadneted 
under  Engineering  leeeerch  Institute  Project  2699»  established  in  term 
of  Subcontract  I-OO3  vith  the  Susan  lesources  tcaearch  Office,  George 
Washington  Dai varsity,  Washington,  D.  C.  These  studies  uere  part  of  a 
progrsa  intended  to  auppleasnt  the  continuing  prograa  of  the  HaultO  staff 
of  the  D.S.  Anqr  Armor  Huaen  lesearch  Dnit,  at  Fort  Tutor,  Kaatucky. 

In  general  cenui,  the  aodel  aianlator  studiea  have  been  concanad 
with  the  detendnation  of  visibility  distances  for  Military  targets  under 
certain  conditions  of  night  tiae  llluulnation.  The  studies  are  intended 
to  provide,  also,  a  basis  for  better  specifying  and  understanding  tha 
stiuulus  factors  influencing  the  visibility  of  targets  under  such  conditions. 

Since  the  specifications  of  target,  terrain,  and  illualnatioa 
conditions  were  intended  to  relate  closely  to  probleas  of  special  interest 
to  the  Huaan  lesearch  Onlt  at  Fort  Knox,  the  establishasnt  of  these  condi¬ 
tions  was  carried  out  in  close  coordination  with  personnel  of  that  Dnit. 

To  achieve  this  coordination,  the  writer  visited  the  Huaan  lesearch  Dnit 
at  Fort  Knox  during  Moveaber  6  and  7,  1957^  for  the  purpose  of  conferring 
with  Dr.  Howard  MePann  and  aeabers  of  his  staff.  Extensive  discussion  was 
held  with  Dr.  McFann,  Dr,  Noman  Willard,  Dr.  Nicholas  Lewis,  Dr.  Ed  Stark, 
Dr.  Pogel  Clark,  and  Dr.  A1  Kraeaer.  The  discussion  had  as  its  objective 
to  make  the  stianlus  conditions  of  aost  direct  interest  in  relation  to 
the  studies  being  conducted  at  Fort  Knox.  Agreemnts  (to  be  listed  in 
detail  later)  were  reached  concerning  the  target,  terrain,  and  illuaination 
conditions  for  the  aodel  slaulator  studies,  as  well  as  the  general  psycho¬ 
physical  procedures  which  would  be  followed. 

Subsequently  to  the  conference  described  above,  correspondence 
between  the  writer  and  personnel  of  the  Huaan  lesearch  Dnit  served  to 
clarify  probleas  and  sBintain  a  close  relation  between  the  aodel  siaulator 
studies  snd  their  counterpart  studies  at  Fort  Knox.  Visits  by  Dr.  Willard 
in  March  and  May,  19^8,  and  a  visit  to  Fort  Knox  by  the  writer  and 
Mr.  Carl  Senaelroth  to  observe  the  field  study,  Axiwmite  V,  during  June, 
19^6,  further  aided  our  objectives. 

The  target,  terrain,  and  illuaination  conditions,  and  psycho- 
pnysical  procedures  agreed  upon  at  Fort  Knox  in  Moveaber,  1931 t  vill  now 
be  outlined.  With  one  exception,  noted  in  the  context  of  the  outline,  'we 
were  able  to  establish  all  the  required  conditions  and  obtain  observationa 
over  the  wide  range  shown. 

General  interest  was  confined  to  night  tim  illussination  condi¬ 
tions  and  the  observer's  task  was  to  be  restricted  by  the  following  features: 

(1)  The  observer  has  (sous)  knowledge  of  the  type  of  target  to  be  detected 
and  its  lateral  displaceaent |  (s)  the  target  is  considered  only  an  "enaa^" 
and  detenaLning  tias  for  detection  is  of  iaportance.  In  addition  to  Itea 

(2)  above,  recognition  responses  were  to  be  included  in  the  context  of 
the  studies. 
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The  stmlatsd  fl«Id  sltoatioa  vss  conc«lv«d  as  that  peculiar  to 
the  tank  platoon.  This  eonalderation  dictated  that  the  aazlani  dlsplaceaant 
of  targats  should  ba  xaatrlctad  to  the  equivalent  of  1200  yards,  and,  as 
veil,  that  searchlight  angles  of  llltadnatlon  and  dlsplaceaant  froa  the 
ohsarvar  should  ba  conslstenu  with  those  typical  of  the  tank  platoon  under 
operational  conditions. 

Consldarstlon  was  given  to  the  factor  of  ataosphere  '^n  the  avidel 
siaulator  situation.  Since  relatively  great  Interest  was  expressed  In 
connection  with  artificial  (searchlight)  illuadnatlon  effects,  it  was  evi¬ 
dent  tuat  a  technical  problea  existed.  In  slaulatlng  the  optlcc.1  effects 
of  the  ataosphere  In  the  absorption  and  scatter  of  light  tao  possible  tech¬ 
niques  aay  be  used.  The  first  involves  generating  artificial  atstcsphere 
by  swans  of  adding  water  droplets  and  opacities  to  the  actual  atisosphere 
surrounding  the  swdel.  The  second  utilizes.  Instead,  a  "vellivg  lualnance” . 
This  la  accoapllshed  by  placing  e  partially-silvered  alrror  before  the 
observer's  eyes  and  reflectlius  with  It  an  area  of  uniform  lualnance  super- 
loosed  over  the  observer's  view  of  the  SMxlel.  The  later  procedure  is 
coap^AC^^y  adequate  to  alnulate  ataospherlc  effects  occurring  between  the 
military  target  and  the  observer.  However,  It  does  not  slssilate  ocher 
effects,  such  as  the  OP**^*^^*  o-  searchlight  beam  In  passing  through 
the  atmosphere. 

Consequently,  the  first  procedure  outlined  appeared  to  be  the 
only  acceptable  procedure  although  its  feasibility  could  not  be  attested. 

The  use  of  ertlflclsl  fog,  which  would  deposit  water  droplets  on  the  model 
alao,  iqipeared  complicated  due  to  the  physical  dimensions  of  the  expsrl- 
itantal  room.  Previous  work  had  been  concerned  with  simulating  dense  fog, 
and  the  production  of  relatively  light  fogs  In  this  manner  still  remained 
to  be  Investigated.  Since  It  appeared  achieving  such  conditions  posed 
grave  technical  problesis.  It  was  agreed  to  conduct  the  studies  Initially 
with  no  delay  for  the  purpose  of  Introducing  seeled  ataiosphere.  If  later 
such  conditions  could  be  obtained,  they  should  be  added,  but.  In  any  event, 
the  results  of  studies  were  to  be  related  to  ataiosphere  effects  In  final 
Interpretation . 

The  specific  conditions  to  be  simulated  were  agreed  upon  and 
era  shown  below: 

▲.  Targets 

The  foIlori.ng  targets  were  to  be  used  singly  In  s  given  experl - 
Mntal  situation: 

1.  Medium  U.S.  Tank  (M-h8) 

2.  Armored  personnel  carrier  (M-39) 

3 .  An  anti-tank  gun  with  crew 

Thasa  targets  were  to  be  positioned  hecd-on  to  the  observer,  not  dug  in 
or  caswflcged.  The  anti-tank  gun  and  crew  were  to  be  arranged  In  the  open 
as  a  craw  working  around  tha  gun,  "getting  into  position". 
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B.  Terrain  BackaroenB 

1-  Hewoganaosa  (aneh  as  vheat  flald) 

2.  Hataroganaons  (brvah,  trass,  ate.) 

C.  Illwl  nation 

1 .  Matoral 

a.  Dark  nlghc,  vlth  starlight  only 

b.  Bright  night,  with  fall  Moonlight 

2.  Artificial 

a.  Ona  or  aora  18-lnch  tank  aountad  saarchllghts 

b .  Flare 

It  should  be  noted  at  this  point  that  due  to  lialtatlons  of  tlM,  and  the 
relative  la|>ortance  assigned  by  the  Ihmsn  Research  Dnlt  to  Itaa  2  a, 
searchlight  lllualnatlon,  the  studies  to  be  reported  did  not  encoapass 
Itea  2  b,  flare  lllualnatlon.  The  conditions  for  searchlight  lllnadnatlon 
asra  listed  In  aore  detail  than  shown  above.  These  special  conditions 
Included  not  only  a  single  searchlight  at  differing  dlsplacaasnts  frcai 
the  observer  but  also,  two  searchlights  alternately  lllualnatlng  the  target 
(the  latter  being  under  continuous  lllualnatlon).  In  addition,  Interalttent 
single  searchlight  illumination  was  to  be  Included,  and  the  llluadnatlon 
schedules  for  this  and  the  foregoing  condition  were  Indicated. 

The  general  ps>chophyslcal  procedure  agreed  upon  was  to  have 
the  observer  aake  observations  at  a  fixed  lilstance  of  each  target  positioned 
on  each  terrain  background  under  each  of  the  illualnation  conditions  listed. 
The  procedure  was  Intended  to  lead  to  frequency>of-seelng  data  for  each 
experimental  condition.  The  observer's  response  was  to  be  tlk  i  with  respect 
to  detection,  and.  In  addition,  he  was  to  atteq>t  to  aake  a  "class"  ldentl> 
ficatlon  following  the  detection  of  a  target. 

In  the  studies  reported  In  the  following  sections  we  atte8q>ted 
to  adhere  as  closely  as  possible  to  the  agreed  upon  conditions.  In  addition, 
in  connection  with  other  phases  of  the  subcontract,  we  attesipted  to  relate 
our  conditions  as  closely  as  possible  to  actual  field  conditions.  Infora- 
atlon  concerning  such  Interrelationship  with  field  conditions  will  be  given 
later  in  this  report.  And,  finally,  within  the  frsanwork  of  the  foregoing 
specific  conditions,  we  attesspted  to  utilise  the  advantages  of  the  model 
simulator  situation  (repeatability  of  particular  conditions,  etc.)  to  gain 
as  much  Insight  as  possible  Into  the  observer's  task,  effects  of  practice, 
and  stimulus  facters  of  Importance  in  a  general  sense  as  well  as  determln> 
ing  the  particularised  target  visibility  distances  for  the  specific  condi¬ 
tions  studied. 

To  present  our  findings  as  simply  as  possible,  the  material  has 
been  organised  Into  three  sections  which  follow.  Section  II  contains  a 
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description  of  the  special  eqolpaent  and  general  experlaental  conditions 
nsed.  Section  III  contains  the  reenlts  for  the  series  of  experiments 
conducted  vlthln  the  fremevork  outlined  In  the  present  section.  In  section 
III  attention  will  be  given  prlmsrlly  to  presenting  the  perticnler  findings 
for  each  condition  of  observation  described.  In  section  IV  the  results 
of  the  different  experiments  mill  be  Interrelated  In  a  more  general  manner 
end  attention  mill  be  given  to  exploring  more  fully  factors  underlying  the 
form  of  the  results. 
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II.  GKHEKAL  EXPERUgSTAL  COMDITIOMS 


The  Bodel  studies  were  conducted  u-ing  e  three-dlMnsionel  terrain 
model,  at  a  scale  of  108:1,  measuring  ^projclmateiy  20  feet  by  20  feet. 

This  model  represents  a  ample  of  actual  terrain  with  hills,  meadow  land, 
highways,  a  river,  and  a  town.  The  andel  It',  complete  with  surface  detail. 
Figure  1  shows  an  over-all  view  of  the  terrain  model.  The  terrain  model 
was  developed  Initially  under  sponsorship  of  a  trl-servlce  contract  admin¬ 
istered  by  The  Signal  Corps  (Project  MICHIGAN),  for  use  In  earlier  studies 
relating  to  the  visibility  of  military  targets  along  ground  paths.  The 
SKHlel,  as  well  as  certain  other  equipment,  was  used  by  permission  of 
Project  MICHIGAN  for  the  present  studies. 

The  terrain  model  was  located  at  one  end  of  a  room  approximately 
60  feet  long  by  3O  feet  wide,  and  20  feet  high.  The  walls  and  celling  of 
the  room  were  painted  black  to  reduce  stray  Interref lection  of  light.  The 
room  Itself  was  made  highly  light-tight  to  afford  good  control  over  tbs 
low  levels  of  Illumination  Intended.  All  personnel  taking  part  In  the 
experlmer.ta  and  all  equipment  used  were  In  this  single  room.  Blackout 
condltlo:is  were  maintained  during  sessions  except  for  the  special  llluadn- 
atlon  Introduced. 

To  Isolate  the  observer  from  the  activities  of  the  experimenter, 
he  was  seated  on  a  theatre  chair  In  an  enclosed  observing  booth  mounted 
on  castors.  When  the  booth  door  was  closed,  the  observer's  vision  was 
restricted  to  viewing  the  terrain  model  through  a  cutout  window  3O  Inches 
wide  by  20  Inches  high  centered  20  inches  In  front  of  him.  A  shelf 
imnedlately  I.1  front  of  the  observer  supported  a  chin  cup  and  forehead 
rest  assead>ly  idilch  was  Intended  to  make  for  consistent  head  positioning. 

The  observer's  eyes  were  k6  Inches  above  the  floor.  The  shelf  also  held 
an  intercom  unit  and  a  pushbutton  box  which  the  observer  used  to  signal 
hlf  detection  responses.  The  use  of  this  equipment  will  be  described 
later.  Because  the  observer's  booth  was  positioned  at  varied  distances 
from  the  terrain  model,  several  different  black  cardboard  cutouts  were 
available  to  fasten  over  the  window  of  the  booth  so  that  In  each  case  the 
observer  saw  only  the  terrain  model.  The  model  was  seen  approximately 
from  Its  left  to  right  extremities,  and  seen  In  the  vertical  dimsntlon 
only  from  the  lower  edge  of  black  cuitaln  below  the  modal  to  a  point  In 
the  "sky"  Just  below  the  celling.  With  these  restrictions,  the  obsexvar 
was  prevented  from  seelrig  any  of  the  sources  of  lllusdnatlon  or  the 
activities  at  the  experimenter's  desk  on  the  left  side  of  the  room  near 
the  model. 


Figure  2  shows  the  experlnmntal  room  In  most  of  Its  details. 

At  the  right  Is  shown  the  side  of  the  observe]:)i  booth  facing  toward  the 
terrain  model  In  the  background.  At  the  left,  against  the  wall.  Is  the 
experimenter's  desk  containing  the  master  Intercom  unit  and  a  one-hundredth 
second  electric  clock  timer  associated  by  a  special  circuit  with  the 
observer's  response  box.  The  experimenter's  desk  was  Illuminated  by  a 
shielded  red  laiqp,  which  under  dark-adapted  conditions  was  adequate  for  the 
activities  required,  (it  should  be  added  that  during  sessions,  the 
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exparlatntsr  lued  only  a  red  filtered  fleehllght  to  guide  his  way  to  and 
froa  the  aodel  itself  to  reduce  the  possibility  of  accidentally  affecting 
the  observer's  state  of  dark  adaptation.) 

Certain  other  features  seen  in  Figure  2  are  of  interest.  First, 
the  long  white  line  seen  on  the  floor  parallel  with  the  edge  of  the  booth 
is  a  guide  line  for  positioning  the  observer.  An  indicator,  seen  project¬ 
ing  froa  the  lower  left  edge  of  the  booth,  was  at  the  saas  distance  froa 
the  target  as  the  observer's  eyes  and  by  appropriate  positioning  the  booth 
indicator  at  distances  aarked  on  the  guide  line,  any  desired  distance  froa 
a  given  target  position  could  be  obtained.  It  aay  be  seen  that  the  booth 
faced  the  terrain  aK>del  froa  an  angle  of  about  thirty  degrees.  This  was 
necessavy  L^cause  the  sndel  itself  was  lowest  in  its  center  front  and 
sloped  upwards  in  all  directions  froa  this  point.  By  positioning  the 
booth  as  was  done,  the  observer  viewed  the  expanse  of  the  left  side  with¬ 
out  obstructions  In  the  foreground.  This  portion  of  the  terrain  sloped 
gently  upward  going  away  froa  hia,  and  temlnated  in  trees  at  the  skyline 
on  the  left  leading  to  the  hills  on  the  right.  For  part  of  the  sessions, 
the  stain  part  of  this  area  was  unifora  (as  way  be  seen  in  Figure  l)  and 
for  the  reaalnlag  sessions  it  was  aade  non-unlfora  with  bushes  and  trees 
(as  aay  be  seen  in  Figure  2) .  The  details  of  the  terrain  surrounding  a 
target  will  be  found  in  the  next  section. 

Attention  should  be  called  to  the  special  equipaent  also  seen 
in  Figure  2.  On  the  left  in  the  foreground,  on  its  tripod,  is  a  special 
photoelectric  telephotooieter  used  in  these  studies.  The  use  of  this 
instrument,  developed  by  Mr.  Benjandn  S*  Pritchard,  will  be  described 
later.  Between  the  telephotoaeter  and  the  observer's  booth  is  seen  one 
of  the  projectors  used  to  siaulate  searchlight  illualnation  on  the  terrain. 
This  ill  seen  with  its  light  shield  cover  vff .  Its  srrangeaent  and  use  will 
be  destxibed  later,  also. 

In  the  remainder  of  this  section  details  will  be  given  concern¬ 
ing  the  target  siodels,  sources  of  illumination,  photometry,  observers,  and, 
experimental  procedures  used. 

Target  Models;  The  three  targets  specified  earlier  were  con¬ 
structed  to  scale  (lOS'l)  and  are  shown  in  detail  in  Figures  3,  h,  and 
3 .  The  M-48  tank  was  modified  in  detail  from  a  conaercially  produced 
scale  aodel  (Authenticast)  based  on  photographs  and  dimensions  provided 
froa  the  Human  Research  Unit.  The  M-^9  sntored  personnel  carrier  was 
constructed  in  its  entirety  froa  this  information  since  no  cotaaercially 
made  model  was  available.  The  anti-tank  gun  and  crew,  consisting  of 
six  men,  was  assembled  as  an  Integral  unit.  The  two  vehicles  posed  an 
interesting  problem  with  respect  to  their  color.  Since  what  is  termed 
"O.D."  color  ranges  over  about  fourteen  Mansell  notations,  it  was  considarad 
imperative  that  our  target  models  correspond  as  exactly  as  possible  to  the 
field  tanks  ?.t  Fort  Knox.  A  saaq>le  of  paint  forwarded  froa  Fort  Knox  by 
Dr.  Hillard  was  used  to  secure  this  control.  The  actual  "O.D."  resulting 
can  be  described  in  Munsell  notation  as  2.3  yellow,  2  value,  and  2  chrosui. 
(This  is  in  distinction  to  the  unmodified  authenticast  color  which  can 
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be  described  as  10.0  yellov,  ^  value^  and  2  cbraaa.)  Th#*  original  tank 
paint  la  a  aead-gloaa  paint  but  It  apparently  abrades  on  exposure  to  dirt 
and  air  and  the  vehicles  In  the  field  are  essentially  "aatte"  in  appear¬ 
ance  and  quite  dark.  Accordingly,  our  laodels  were  spray-painted  to  met 
these  cclcr  specifications.  The  anti-tank  gun  and  crev  were  painted  with 
sinllar  paint  for  the  0J>.  portions.  The  faces  of  the  crev  were  ^>prox\- 
wately  flesh  color  although  In  coobat  probably  they  would  be  blackened. 

In  general.  It  was  felt  that  detail  of  the  targets  should  be  made  as 
accurate  as  possible  even  though  under  the  Intended  viewing  conditions 
an  observer's  acuity  for  such  detail  would  be  poor. 

Sources  of  Illximlnatlcn’  First  will  be  described  the  means  of 
sisKjlatli.^  natural  field  Illumination,  l.e.,  starlight,  and  moonlight. 
Ideally,  to  simulate  starlight,  a  sky  dome  wouli  be  required.  This  would 
provide  the  diffuse  Illumination  of  the  ground  typical  of  the  clear  night 
sky.  By  reason  cf  practical  considerations  a  sky  dene  was  only  approxi¬ 
mated  by  providing  highly  diffuse  lllianlnation  from  the  ceiling  area  ovex 
the  terrain  model.  This  was  accosq>llshed  by  partially  covering  the  cement 
celling  beams  '«lth  matte  wldte  paper.  The  beams  were  about  sir  inches 
wide  and  eleven  Inches  deep  from  the  celling.  They  were  spaced  about  two 
feet  apart.  Since  the  uncovered  portions  of  the  celling  were  painted 
black,  about  ten  percent  of  the  celling  area  was  responsible  for  reflect¬ 
ing  light  directed  upon  It  from  two  louvres,  one  at  each  aide  of  the  leodel. 
Each  louvre  contained  a  single  one  Cv-wdle,  six  volt,  laiq>.  The  laaq>s  were 
shielded  so  that  they  Illuminated  only  the  celling  area.  In  turn,  the 
oiodel  was  Illuminated  by  the  light  reflected  from  the  whole  celling  area, 
and  to  some  small  extent  by  re-reflected  Ix^ht  from  the  walls.  A  36  Inch 
wide  xfhlte  plastic  curtain  was  hung  from  the  celling  In  front  of  the 
model.  Thle  my  be  seen  along  the  celling  in  Flguxe  2.  This  served  to  add 
to  the  reflected  light  at  the  front  of  the  model.  The  lamps  were  powered 
from  a  Varlac  and  transformer  connected  to  an  A.C.  cutlet. 


To  achieve  the  lowest  level  of  llltmlnation,  xor  starlight, 
neutral  filters  of  nominal  density  1  were  positioned  withxn  the  Icmures. 
Hhen  moonlight  levels  were  Intended,  the  filters  were  removed  to  allow  a 
greater  contribution  of  scattered  light  to  the  Illumination.  Althcigh 
the  procedure  described  did  not  provide  quite  enough  illumination  from 
the  front  and  sides  to  an  object  on  the  terrain,  it  seemed  quite  adequate 
In  that  no  dlscemable  shadows  were  created  and  objects  appear  uniformly 
Illuminated.  Under  starlight  Illumination  the  luminance  of  the  uniform 
ground  In  the  target  area  (as  measured  along  the  observer's  line  of  sight, 
photoelactrlcally)  was  about  10~^  foot  Ismberts . 

Moonlight,  in  distinction  to  starlight,  is  highly  directional 
In  character.  To  achieve  this  feature,  a  light  louvre  was  mounted  on  s 
scaffolding  near  tha  rear  of  the  experimental  room.  T*<c  louvre  enclosed 
a  300  watt  projactor  lamp.  The  light  from  the  lamp  illuml  lated  the  model 
from  an  alavatlon  of  sixteen  faet  and  at  a  distance  of  approximately  3^ 
fact.  Two  filters  ware  used  to  achieve  the  desired  level  of  Illumination. 
A  Wrattan  78  flltar  altered  the  spectral  composition  of  the  light  to 
achieve  the  visual  aqulvalant  of  approximately  ^000  degrees  color  temper¬ 
ature,  and  an  appropriate  neutral  density  filter  further  reduced  the  over- 
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all  laval  of  illadnatlon  on  the  aodal.  A  aask  in  front  of  the  flltsva 
adjusted  the  light  pattern  so  that  it  llloainated  only  the  terrain  aodal 
directly.  In  use,  soaa  light  vaa  reflected  froo  parts  of  the  model  to 
the  valla  and  re>reflected  to  the  aodal.  In  addition,  as  noted  above,  the 
"starllghc”  lowres  vara  operated  without  additional  filters  so  as  to  add 
to  the  diffuse  light  when  ’Hsoonlight”  siasilation  was  intended.  The  direct 
light  from  the  iK>onlight  Ici'.^e  illuainated  the  terrain  in  tha  target  area 
at  a  vartical  angle  of  about  20  degrees,  and  at  m  angle  separated  froa 
the  observer  (to  his  left)  of  about  45  degrees.  Two  features  should  be 
noted  regarding  the  moonlight  illuaination .  First,  the  over>all  level 
yielded  a  lualnance  for  the  ground,  as  saen  froa  the  observer's  position, 
of  approziaately  10*3  foot  lasd>erts.  This  level  is  qul.ta  satisfactory  for 
the  intended  sianlation  (lef.  1).  Secondly,  however,  the  ratio  of  direct 
to  scattered  light  was  too  great  in  the  direction  of  the  direct  source. 

The  desired  ratio  would  be  about  2:1.  Our  ratio  was,  in  fact,  840:1. 

This  aade  for  more  sharply  deliaited  shadows  and  possibly  greater  contrasts 
under  moonlight  conditions  than  would  be  the  case  ordinarily.  It  was  not 
possible,  however,  to  achieve  a  better  balance  between  the  direct  and 
scattered  light  for  this  case  within  the  tiae  available. 

For  searchlight  illuaination  we  simulated  the  l8>inch  tank- 
mounted  searchlight  which  uses  a  25OO  watt  lamp  of  new  design.  This  laap 
has  a  four  alllion  peak  candlepower  and  an  8-dagree  horizontal  bean  spread 
when  used  in  the  tank  siounted  reflector  housing.  Working  froa  candlepower 
distribution  data  provided  by  the  Human  Besearch  Ihiit,  corrector  slides 
were  aade  on  thirty  five  ailliaeter  film  slides  which  provided  the  desired 
characteristics  of  beaa  spread  ftm  Argus  slide  projectors.  The  candle- 
power  distribution  attained  is  shown  in  Figure  32.  The  illuaination  was 
scaled  according  to  principles  stated  in  Reference  2.  To  deterulne  require- 
aents  concerning  pesk  candlepower  of  the  simulated  source,  the  peak  value 
for  the  2500  watt  laap  (k, 000, 000  candles)  was  divided  by  the  square  of  I 
the  scale  factor  (106^),  yielding  approximately  400  candles  for  the 
slaulation  source  peak.  The  objective  lens  of  the  slide  projector  used 
as  a  source  was  stopped  down  until  the  peak  reading  of  light  projected 
through  the  corrector  slide  measured  the  requisite  level  in  candles.  With 
tha  foregoing  scaling  of  illuaination  and  adjustaent  given  by  the  corrector 
slide,  the  illuaination  of  the  aodal  terrain  afforded  by  such  a  projector 
siaulated  realistically  searchlight  illinsination. 

The  Argus  projectora  were  mounted  on  small  stands.  In  front  of 
each  projector,  there  was  a  solenoid  operated  flag  shutter  which  could  be 
opened  remotely  by  closing  a  switch  at  the  experimenter's  desk.  The 
switch  was  a  double  throw  type  and  could  be  alternated  in  its  two  positions 
to  allow  two  such  projectors  to  serially  illuminate  tha  target.  If  single 
searchlight  illuaination  was  required,  the  timing  of  illuaination  was 
controlled  in  a  similar  manner.  The  projectors  were  enclosed  by  boxes, 
except  for  an  opening  in  front  of  the  lens  and  shutter,  to  prevent  stray 
light  froa  altering  tha  general  illumination  levels. 

In  simulating  tha  proper  separation  of  a  searchlight  source 
from  the  observer,  a  problem  arose  in  connection  with  the  scaling  of  our 
distances.  In  keeping  the  searchlight  at  tha  same  distance  from  the  target 
as  tha  observer,  it  was  not  poaalbla  to  place  it  closer  than  about  twenty 
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Inches  to  his  side  (due  to  the  presence  of  the  observing  booth) .  Thus  sa 
eqnlvslei^sepsrstlon  of  seventy-five  yards  could  be  achieved  directly  but 
sasller  t.epsrstlons  could  not.  Since  placing  a  searchlight  slaal  tlon 
projector  In  front  of  the  booth  displaced  It  about  thirty  Inches  forward 
of  the  observer  (equivalent  In  scale  fcctor  term  to  90  yards)  It  was  nec¬ 
essary  to  en^loy  an  Indirect  mans  of  achieving  "on  beaw"  and  swall  separa¬ 
tions.  This  was  done  by  setting  the  projector  at  right  angles  to  the  front 
of  the  booth  and  positioning  a  front-surfaced  nlrror  tt  degrees  Inclin¬ 
ation  about  two  feet  In  front  of  the  objective  lens.  The  nlrrcr  reflected 
the  light  along  the  desired  forward  path.  In  this  way,  the  searchlight 
beaw  could  be  mde  to  nearly  coincide  with  the  observer's  line  of  sight, 
or  to  project  along  other  desired  paths.  Since  som  light  was  lost  due 
to  the  mirror,  the  actual  distance  from  the  source  to  the  target  was  reduced 
slightly  to  coaqMnsate  when  this  manner  of  operation  was  employed.  Since 
the  searchlight  beam  originated  kk  Inches  from  the  floor  of  the  room,  the 
observer's  line  of  sight  was  a  little  higher  than  the  searchlight  beam 
Itself  as  would  be  the  case  for  an  observer  looking  from  a  ;^osltlon  on  top 
of  a  tank  turret.  The  ^pearance  of  various  targets  under  these  different 
Illumination  conditions  Is  Illustrated  photographically  In  a  number  of 
figures  to  be  Introduced  In  a  later  section. 

Photometry;  Throughout  the  sessions  the  establlshmnt  and  control 
over  levels  of  llicmlnatlon,  and  the  masaremnt  of  values  of  luminance 
for  selected  portions  of  terrain  end  targets  was  accomplished  by  use  of  the 
photoelectric  telephotomter  developed  In  these  laboratories  by  Mr. 

Benjamin  S.  Pritchard  under  sponsorship  of  the  Illuminating  Engineering 
lesesrch  Institute.  It  was  necessary  to  use  such  a  device  because  direct 
visual  photomtry  for  such  low  levels  of  Illumination  would  not  be  accurate 
or  even  possible  In  som  Instances.  The  Instmmnt  consisted  of  two  units, 
Che  photoelectric  sensing  unit  snd  Its  assoclatod  optics,  and  the  register¬ 
ing  mter  containing  the  power  source  (dry  cell  batteries).  The  Instrumnt 
allowed  Its  user  to  view  through  the  optical  system  and  see  directly  that 
which  was  to  be  masured  photoelectrlcally.  ▲  reticle  Indicated  the  portion 
of  the  field  which  would  be  effective  at  the  photomultiplier  depending  on 
the  aperture  used  as  a  field  stop.  A  Wratten  106  filter  was  effective  In 
correcting  the  spectral  sensitivity  characteristics  of  the  photoamltlplier 
to  approxlmte  the  photoplc  visual  curve.  It  was  possible  to  position 
the  telephotomter  at  the  observer's  location,  the  equivalent  of  1000  yards, 
for  example,  and  register  selected  parts  of  a  target  such  as  the  upper 
turret  of  a  model  tank. 

The  photomultiplier  unit  Itself  could  be  removed  from  Its  housing 
and  placed  on  a  terrain  area  to  masure  Incident  light  falling  on  the  area. 
The  complete  instrumnt  contained  a  radlum-phosph*r  internal  standard 
which  could  be  used  at  any  tlm  to  repeat  a  sensitivity  setting  and  allow 
the  mter  scale  readings  to  be  Interpreted  In  physical  unit  termc  The 
Instrumnt  could  not  give  Informtion  for  the  worst  conditions  (lowest 
ll:,ut  levels,  small  target  areas)  but  could  cover  a  sufficient  range  that 
these  conditions  can  be  fairly  well  understood  In  any  event. 
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Obssrvws ;  Three  observers  served  daring  the  ei^riasntel 
sessions.  The  arlter  (C.H.),  Mr.  Carl  Sesaslroth  (C.S.),  and  Mr.  Villian 
•iel’anen  (VJ>.).  T'le  ariter  observed  in  every  observation  condition 
reported  althoogh,  for  reasons  indicated  later,  the  data  obtained  for  som 
conditions  are  not  utilised.  In  any  event,  the  writer  has  a  basis  in  direct j 
personal  Imowledge  of  each  observer  task  posed  by  the  aany  conditions  of 
the  experiwints  described  in  the  following  section.  This  experience  was 
highly  desirable  to  afford  continuity  between  conditions  where  different 
additional  observers  sdght  be  used,  and  to  provide  a  aeaningful  basis  for 
relating  phenoaenal  aspects  of  the  observer's  tasks  to  the  varied  particular 
situations,  Mr.  SenMlroth  observed  under  aost  conditions,  and,  in  the 
beginning  provided  a  basis  for  assessing  the  effects  of  practice.  Prior 
to  this  work  he  had  not  had  e]q>erience  as  an  observer.  In  addition,  he 
visited  during  the  field  tests  at  Fort  Knox,  along  with  the  writer.  His 
role  included  being  the  experinenter  when  the  writer  was  observer,  and  he 
had  cowplete  knowledge  at  all  tiaMS  of  our  procedures  and  objectives. 

Mr.  Dickeman  suppleawnted  as  observer  and,  assisted  the  experimentation 
whan  not  observixtg.  His  knowledge  of  the  task  was  not  as  complete,  but 
sufficiently  so  to  ensure  objectivity  during  observing.  Mr.  Dickerman's 
beginning  observation  sessions  also  afforded  an  indication  of  the  effects 
of  practice  since  he,  too,  was  iititially  naive  as  an  obseirver. 

The  visual  capabilities  of  the  observers  were  checked.  For 
C.H.,  right  eye  only,  far  acuity  was  20/lB,  No  measuiable  central  acuity 
exists  for  C.H.'s  left  eye,  as  explained  below.  For  C,S.,  binocular  far 
acuity  was  20/22.  For  V.D.,  binocular  far  acuity  was  20/l8.  These 
nsasures  for  C.H.  and  C.S.  were  with  glasses  normally  worn,  and  worn  during 
all  experimental  sessions.  V.D,  did  not  require  corrective  lenses  for 
distant  vision.  During  all  sessions  binocular  vision  was  eBq>loyed  restrict... 
only  by  tlie  window  of  the  observer's  booth,  described  earlier.  No  unusual 
visual  defects  are  noted  for  observers  C.S.  and  V.D.  For  the  writer, 
however,  the  left  eye  central  20-deg'^ee  field  is  lost  due  to  an  old  scotoma. 
The  peripheral  field  in  the  left  eye  is  fairly  normal.  In  the  writer's 
right  eye  visual  field,  a  small  scotoma  exists  in  the  lower  right  quadrant. 
This  scotoma  lies  about  ten  degrees  from  the  field  center  and  its  presence 
is  phenomenally  available  to  the  writer,  hence  observations  can  be  made 
with  confidence  that  the  scotoma  is  not  interfering.  Because  of  these 
visual  defects,  foveal  vision  is  monocular  but  peripheral  vision  is  bino¬ 
cular  for  the  writer.  In  spite  of  such  defects,  the  writer  felt  capable 
of  obtaining  satisfactory  data,  and  similar  data  obtained  from  additional 
observers  served  as  a  check  in  this  regird. 

It  should  be  noted  that  in  the  experiments  to  follow,  that  our 
approach  was  that  of  classical  psychophysics .  By  this  is  meant  that  we, 
as  obser/ers,  had  coq>lete  Knowledge  of  the  task  and  attempted  to  achieve 
complete  objectivity  in  making  responses.  Conditions,  to  be  described 
shortly,  were  arranged  to  provide  naxlmns  objectivity,  and  it  is  felt  that 
such  an  objective  was  closely  approached.  Some  comments  relative  to  the 
foregoing  point  will  be  made  later  when  describing  the  experimental 
proetdures . 
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gxpTltntel  Procedure;  In  deciding  vpon  our  gnnnral  ucperl* 
■sntal  procndore,  only  on»  prcvloas  nodel  slaulator  study  hnd  any  direct 
relevance.  This  study,  by  Gordon  (lef.  3)  differed  In  several  laportant 
respects  froa  the  dictates  of  our  earlier  conference  agreeaents  as  to 
procedure.  Gordon,  studying  the  relative  visibility  of  allltary  targets 
along  ground  paths,  had  the  observer  aoved  continuously  closer  to  the 
terrain  aodel  until  he  could  distinguish  the  targets  along  a  line  or  lines 
of  sight  afforded  by  visible  Barkers  at  the  aodel  edge.  This  procedure 
vonld  not  be  satisfactory  since  we  were  to  obtain  frequency  of  seeing  data. 
Gordon's  targets  were  sideways  rather  than  head-on  to  the  observer.  Ulna- 
Inatlon  was  froa  a  single  source  located  In  varied  elevations  and  azlauths 
to  the  observer;  the  llluaLnatlon  was  slallar  to  that  froa  a  fljre,  but 
fixed  In  position.  Certain  of  Gordon's  flndln^  will  be  related  to  our 
results  later,  but  It  should  be  noted  that  our  u^q>erlaents  called  for 
rather  different  procedures,  and,  as  well,  for  a  closer  relation  to  speci¬ 
fied  field  conditions. 

Initially  the  problem  of  deteralnlng  whether  an  observer  report¬ 
ing  the  presence  of  a  target  was  correct  led  to  a  procedure  shown  to  be 
erroneous  by  exploratory  expervaents.  In  view  of  the  paucity  of  experl- 
aents  of  the  present  type,  the  exploratory  work  will  be  described  and  the 
reasons  for  its  rejection  mentioned.  In  this  context,  our  final  aethod 
may  be  better  justified  as  the  most  suitable  for  these  stadias. 

Our  iritlal  atteiqpt  wss  restricted  to  the  moonlight  condition 
with  uniform  terrain  surrounding  the  target.  At  that  tine  the  present 
large  uniform  area  of  the  lower  left  side  of  the  aodel  was  divided  Into 
two  equal  sections  differing  in  ground  cover.  Figure  6  Illustrates  this 
earlier  arrangement.  Five  target  positions  and  paired  alternate  positlor.s 
were  located  in  the  original  area.  These  are  shown  in  Figure  6.  The  five 
positions  varied  in  distance  from  a  given  position  of  the  observer's  booth 
by  fixed  amounts.  In  selecting  these  target  positions,  care  vas  taken  to 
select  positions  such  that  uniform  ground  would  surround  the  target  for  at 
least  twice  its  own  disanslons  in  any  direction.  The  positions  chosen 
met  this  criterion,  and  in  fact  were  the  only  locations  which  would  allow 
for  the  experimenter  to  rapidly  place  the  target  on  the  terrain  for  each 
observation.  The  experimenter's  task  vas  complicated  by  attachments  to 
the  target  to  be  described  shortly. 

During  a  session,  after  appropriate  tlas  for  dark  adaptation, 
the  observer  vas  Instructed  via  the  intercoa  to  close  his  eyes.  The 
experimenter  then  placed  the  target  at  one  of  tlie  five  distances  according 
to  a  randomized  schedule.  On  signal,  the  obser  >'sr  opened  his  eyes  and 
tried  to  detect  at  which  point  in  the  field  there  vas  a  target.  Concurr¬ 
ently  with  the  verbal  signal  to  begin  observing,  the  experimenter  closed 
a  switch  which  started  the  interval  timer.  Vhen  the  observer  thought  he 
detected  a  target,  he  depressed  the  response  button  on  the  box  at  his  hand 
in  the  booth.  This  stopped  the  tlsier  and  siiHiltaneously  closed  a  circuit 
to  allow  a  charged  condenser  to  "fire"  a  saall  neon  laap  briefly.  The 
leap  vas  mounted  under  the  target  on  the  terrain.  This  vas  ccnnected  by 
fine  wires  to  the  control  circuit.  The  observer  could  tell  by  the  flash 
of  the  neon  lsnq>  whether  his  response  vas  correct  (to  a  target)  or  wrong 
(to  some  other  visual  stimulus  in  the  field). 
- 11 - 
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The  preeeAnra  seeasd  effective  and  fairly  eonalstent  reevlts  were 
obtained  fei  the  fiaak  as  target  over  several  seaslona.  baalnatlon  of  o«ar 
data  shoved  that  a  oietance  eoald  be  chosen  for  the  observer  frov  the  nearest 
target  position  at  which  he  nearly  always  detected  the  target.  Ferfonunce 
was  progreaalvaly  poorer  for  the  socceedlngly  wore  reaote  target  locations . 
Ihrther,  In  the  voat  reaote  location,  the  target  was  essentially  Invisible 
to  the  observer. 

Two  difficulties  led  to  abandoning  this  procedure.  First,  the 
possible  target  locations  were  readily  learned  In  relation  to  visible  terrain 
featwrsa  (aalnly  skyline  characteristics) .  It  then  was  easy  to  laaglne 
seeing  a  target  In  a  acre  reaote  poeltlon  when  It  was  not  visible  In  a  nearer 
poultlon,  (proven  by  data  froa  blank  trials).  More  seriously,  considering 
the  angnlar  else  of  the  target.  It  shonld  h^c  been  visible  at  greater 
dlstaaeea  than  owr  data  Indicated.  Accordingly,  check  ezperlaents  were 
condneted  In  which  the  observer-to-target  distance  was  the  saas  as  for  the 
earlier  sessions  with  reference  to  the  aost  reaote  target  position,  but  the 
target  Itself  was  In  the  aost  forward  location.  This  cheek  showed  that  the 
target  was  now  alaoat  perfectly  deteeteble  and  that  Its  earlier  loss  of 
detectability  la  the  smre  reaote  position  probably  was  dne  to  Its  relatively 
greater  proxlalty  to  noa-ualfora  skyline  (as  seen  by  the  observer).  It 
appeared  that  under  these  conditions,  we  had  a  nixed  case  In  which  sons  tar> 
gets  were  In  a  fairly  unlfora  surronnd  and  others  essentially  In  a  non- 
walfora  swrrowad.  How  anch  separation  of  the  target  froa  dlscrlalnable 
aon-wnlforaltlef  wowld  be  required  for  a  target  to  be  considered  as  In  a 
wnlfosa  swrrownd  was  clearly  Iwposslble  to  predict  In  advance.  Our  pre> 
Ilainary  work  showed  that  we  sliq>ly  had  not  provided  sufficient  unlfomlty 
la  the  laasdlate  baekgrownd  for  soae  of  the  targets. 

To  correct  the  foregoing  situation,  the  terrain  was  aodlfled  to 
provide  a  gmater  unlfomlty  of  target  surround.  The  grass  cover  to  the 
right  of  the  original  target  field  was  reaoved  and  the  entire  area  between 
the  road  In  the  center  to  the  trees  on  the  left  hand  edge  was  aade  unlfom 
as  shown  In  Figure  7*  A  new  single  target  position,  dsslgnated  as  the 
''•id-field''  position  va»  chosen  such  that  at  any  Intended  distance  of  the 
observer's  booth,  the  observer  saw  no  obvious  lock  of  unlfomlty  In  the 
surround  for  distances  up  to  several  tlass  the  dlasnslons  of  the  target. 
Because  of  this  change,  the  expsrlasnter  had  to  position  the  target  well  into 
an  Interior  portion  of  the  wodel  and  It  was  loposslbla  to  do  so  easily  If 
the  neon  lawp  wore  attached  to  the  target.  Also,  seas  further  exploratory 
observation  showed  that  Inconsistent  data  would  result  If  the  distance 
between  observer  and  target  were  varied  by  Altering  the  target  position, 
hence  tbs  single  target  position  was  dictated.  In  view  of  this  latter 
finding,  the  use  of  the  neon  flasher  Indicating  the  target  position  was 
ellalnatad  and  our  final  experluantal  procedure  was  developed. 

The  final  procedure  adopted  was  used  throughout  all  the  sessions 
froE  which  data  and  observations  are  reported .  In  this  proesdure,  for  a 
gl/en  condition  oi!  llluulnatlon,  the  target  occupied  a  single  position  on 
the  terrain  aodel.  For  a  given  series  of  observations,  the  observer's 
booth  was  located  at  a  fixed  distance,  and  for  this  series  he  attenqited  to 
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report  the  preseuce  or  abeence  of  the  target  for  each  discrete  observatloc. 
After  the  series  was  cooplcted,  the  booth  was  moved  to  a  new  distance  from 
the  target  position  and  acotner  series  was  run. 

With  this  procedure,  the  problem  arose  regarding  the  proportion 
of  trials  In  a  series  which  should  be  blank.  It  seemed  evident  that  one 
could  not  arbitrarily  say,  regarding  the  type  of  errors  an  obserrer  might 
make,  whether  s  false  alarm  (or  false  positive)  or  a  miss  would  be  more 
serious  under  actual  field  conditions.  Hence  It  seemed  desirable  to  arrange 
the  stimulus  series  to  avoid  predisposing  the  observer  In  either  direction 
(aside  from  his  Inherent  ncu-randomness ) .  This  dictated  tha't  during  half 
the  trials  of  a  series,  the  target  should  be  present  and  half  should  be 
blank.  FUrtlier,  it  was  felt  by  each  observer  that  he  could  dissociate  his 
memory  of  a  previous  response  better  If  on  any  given  trial  the  probability 
of  a  target  being  present  was  the  same  as  being  absent.  Accordingly,  for 
each  experimental  series,  the  ^utlcular  target  was  present  for  half  the 
trials  following  a  rando^zed  schedule. 

The  procedure  for  each  observation  was  similar  to  the  procedure 
earlier.  To  begin,  the  experimenter  Instructed  the  observer  via  the  Inter* 
com  to  close  his  eyes.  The  experimenter  then  went  ^  every  Instance  to  the 
model  and  physically  touched  the  target  position.  When  he  left  the  awdel, 
the  target  was  either  present  or  absent  according  to  his  schedule.  He  then 
gave  the  verbal  signal,  "ready",  over  the  intercom,  at  which  time  the  observes 
opened  his  eyes  and  looked  to  the  right  of  the  model  (out  of  the  target 
area) .  When  the  observer  Indicated  that  he  was  ready,  the  czperlsmntcr 
gave  the  signal,  "begin",  and  started  the  Interval  timer.  The  observer  then 
attempted  to  detect  the  target  if  It  was  present.  Vhen  the  observer  reached 
a  decision  concerning  the  presence  or  absence  of  the  target,  he  pressed 
the  response  button  stopping  the  tiamr,  and  Indicated  his  decision  by  say¬ 
ing  "yes"  or  "no"  over  the  Intercom.  After  recording  the  response  and  Its 
latency,  the  experimenter  proceeded  In  the  same  manner  to  arrange  the  next 
trial  In  the  series .  During  a  series,  the  observer  was  not  told  the  correct¬ 
ness  of  his  Individual  responses.  At  the  end  of  a  series.  It  was  common 
tc  record  phenooieral  observations  of  Interest,  and  ordinarily  the  observer 
was  Informed  of  hl.s  over-all  pertomance  at  this  time. 

In  general,  for  a  particular  target  and  condition  of  Illumination; 
we  made  an  Initial  guess  as  to  how  far  away  the  observer  could  be  and  still 
have  some  expectation  of  seeing  the  target.  The  observer  then  ran  a  series 
of  observations  at  this  distance  and  If  performance  was  reasonably  good, 
the  distance  was  Increased  and  a  second  series  run.  This  was  continued 
until  the  distance  was  sufficiently  great  that,  for  a  series,  the  observer's 
responses  were  degraded  to  chance  (being  "wrong"  as  often  as  "right") . 

Cur  data  then  show,  for  a  sat  of  varied  observational  distances,  the  relative 
reduction  ir  frequency  of  correct  Judgments  ("yes",  target  present  or  "no", 
target  absent)  In  proportion  to  wrong  judgments  ("yes",  target  absent  and 
"no",  target  present). 

Some  remarks  were  made  earlier  concerning  our  effort  to  give 
cc«q>letely  objective  observations.  Under  these  conditions  an  observer 
could,  of  course,  keep  track  of  the  nwsber  of  each  of  lU.s  two  catagorles 
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of  response  and  equate  their  frequency.  He  did  not  do  so.  During  a  series 
«e  night  be  aware  that  we  had  exceeded  a  fifty  percent  level  of  "yes"  or 
"no"  responses,  but  felt  definitely  that  each  instance  of  observation 
dew ended  its  own  unique  Judgwsnt  regardless  of  preceding  responses  which 
night  be  recalled.  Also,  we  encountered  sone  conditions  in  which  false 
positives  were  likely  to  occur  and  sene  others  In  which  taey  seldon  would 
occur  (sisses  being  the  rule,  instead).  He  sinply  let  the  situation  dictate 
each  response  sa  conpletely  as  possible  and  tried  to  gain  the  best  possible 
understanding  of  it.  During  a  given  session,  if  the  observer  felt  that 
anything  was  forestalling  the  desired  objectivity  he  could  (and  did  in  sone 
instances)  call  off  further  observations  at  the  tine. 

A  final  connent  relates  to  the  neasurenent  of  response  latency. 
During  all  sessions  except  those  employing  searchlight  i..lii!tination,  the 
observer  was  allowed  as  much  tine  as  he  required  for  each  Judgnent.  For 
the  searchlight  conditions,  the  observer  was  not  given  unrestricted  time. 
Instead,  each  series  featured  a  predetemlned  fixed  tiam  during  which  the 
searchlight  or  searchlights  illu^nated  the  target  position.  Reasons  for 
this  procedural  change  are  discussed  in  the  context  of  the  specific  experi- 
mtnts . 
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III.  PPERIMPgAL  USOLIS 


The  expcrlnentel  eeeelone  nay  be  aoet  conveniently  organised  for 
reporting  In  teraa  of,  flrat,  terrain  backgroond,  and,  aecond,  node  of 
llloalnatlon.  With  this  organlxatlon,  eonparlaima  nay  be  nade  readily 
aaong  the  reaulta  for  the  different  target  typea  and  froai  the  di*ferent 
obaervera . 

In  preaentlng  the  reaulta  fro*  our  e3q>eriaMnta,  the  naln  data 
are  ahown  In  tabular  fom.  For  each  condition.  In  the  order  Introduced 
In  the  text,  a  table  ahows  the  frequency  of  reaponae  data  and,  except  for 
the  aearchllght  condltlona,  the  tlan  for  reaponae  (latency)  data.  In 
analysing  theae  data  for  dlacuaalon,  a  atatlatlc  la  derived  (alao  ahown  In 
each  data  table)  idiich  la  uaed  for  llluatratlng  the  change  In  target  detect¬ 
ability  under  the  particular  experlnental  condltlona  eaployed. 

Since  the  atatlatlc  referred  to,  above,  waa  developed  for  the 
purpose  of  theae  experiments,  aone  dlacuaalon  nuat  be  given  to  Ita  rationale 
before  proceeding. 

We  may  begin  by  conalderlng  the  reaulta  of  one  group  of  saaalona 
by  way  of  Illustration.  Theae  aeaalons,  ahown  In  Table  I  ▲  are  for  the 
M-46  tank  in  a  uniform  background  under  starlight  only.  The  reaponaea  fall 
Into  four  categories:  (1)  "yes",  target  present;  (2)  "no",  target  absent; 

(3)  "yes",  target  absent;  (4)  "no",  target  present.  The  first  two  cate¬ 
gories  are  correct  responses;  the  second  two  are  wrong.  It  may  be  seen 
from  the  table  that  at  the  scaled  distance  equivalent  to  13^  yvda,  the 
observer  (C.S.)  aiade  no  Incorrect  responses.  Aa  he  waa  moved  successively 
further  from  the  target,  he  made  fewer  correct  and  more  Incorrect  responses, 
until  at  22^  yards,  he  made  about  as  many  wrong  as  right  responses.  The 
changes  noted  In  response  frequencies  for  each  catagory  are  shown  in  Figure 
9  with  the  open  circle  points .  Each  open  circle  Is  a  oroportlon,  shown  on 
the  left  ordinate  for  the  catagory  of  response.  The  cuange  with  Increasing 
distance  may  be  noted  easily. 

In  considering  how  a  single  value  may  be  uaed  to  represent  these 
changes  In  response.  It  might  at  first  be  thought  that  If  the  proportion 
of  detections  ("yes",  target  present  responses)  were  corrected  for  the 
proportion  of  false  positives  ("yes",  target  absent  responses)  a  usable 
qLiak.tlty  would  be  obtained.  Such  a  procedure  would  be  essentially  the 
conventional  form  of  data  treatsmnt  usad  in  a  "yes  -  no"  psychophysical 
experiment.  However,  there  la  now  aa^le  evidence  (Ref.  4,  6)  that 

critical  problems  surround  this  form  of  analysis  due  to  questions  concerning 
the  observer's  criterion  level  for  responding  affirmatively.  Without 
examining  this  problem  In  detail,  it  may  be  noted  that  our  experlMnts 
allowed  for  ^  high  proportion  of  false  positive  responses,  and  were  done  undai 
condltlons^^hat  criterion  shifts  were  almost  Inevitable.  In  connection 
with  the  latter  point,  comments  will  be  added  later  concerning  the  physical 
conditions  which  literally  forced  such  changes  upon  the  observers. 
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In  gnnaral,  it  was  fait  that  a  highly  aablgaous  neasure  would 
rasvlt  for  oar  data  If  tha  datection  proportion  corrected  for  false  positive 
responses  was  used.  Altamatively,  it  was  felt  that  our  data  wight  store 
wsanlngfttlly  be  interpreted  in  sows  other  terws  where  their  characteristic 
faatores  entered  a  single  representative  quantity  in  an  unawbiguous  wanner. 
These  considerations  led  us  to  think  in  inforwation  terws,  where  the  assump¬ 
tion  is  wade  that  we  can  take  the  technical  sense  of  inforwation  and  consider 
that  it  has  a  reasonable  counterpart  in  the  conventional  sense.  Granted 
this  assowption,  we  can  treat  our  data  for  the  specific  infomatlon  content 
of  the  set  of  responses  for  a  given  condition  and  arrive  at  a  masure  cf 
stiwnlus  Inforwation  to  be  gained  from  knowing  the  responses . 

Tha  basic  derivation,  due  to  Dr.  Wilfred  M.  Kincaid  of  these 
laboratories,  leads  to  the  following  equation: 

M  -  1  +  5.32  r-P(Y)  log  P(Y)  -  P(N)  log  P(n)  +  P(SY)  log  P^Y)  + 
P(SII)  log  P(SH)  +  P(S'Y)  log  P(S*Y)  +  P(S‘N)  log  P(S‘N)J 

In  which 

M  >  stimulus  information  gained  from  knowing  the  response  (the 
representative  quantity  to  be  used) 

P(Y,<  •  Proportion  of  "yes'*  responses  to  total  responses  | 

P(k)  >  Proportion  of  "no"  responses  to  total  responses 
P(n)  a  Proportion  of  "yes"  responses  made  when  a  target  was  present, 
to  total  responses 

P(SM}  a  Proportion  of  "no"  responses  made  when  a  target  was  present, 
to  total  responses 

P(S'Y)  a  Proportion  of  "yes"  responses  made  when  a  target  was  absejt, 
to  total  responses 

P(S'N)  a  Proportion  of  "no"  responses  made  when  a  target  was  absent, 
to  total  responses 

3.32  a  Constant  to  convert  to  system  of  logarithms  base  2 


Under  the  terms  of  the  foregoing  equation,  if  the  observer  always 
responds  correctly,  maxlmm  information  is  gained  from  his  responses  con¬ 
cerning  the  presence  or  absence  of  the  tax  get.  Since  the  targ^^t  was  pre¬ 
sented  during  half  of  the  observation  trials,  the  maxlioum  value  for  a  trial 
would  be  one  bit  as  an  Information  quantity.  It  may  be  showrt,  also,  that 
if  the  observer  always  responds  "yes"  (or  "no")  or,  if  he  r^.sponds  correctly 
and  incorrectly  equally  often,  H  goes  to  zero  indicating  t^^at  no  information 
is  obtained  concerning  the  stimulus  knowing  only  the  observer's  responses. 

It  is  the  esse,  too,  that  if  the  observer  is  always  wronr,,  maximew  inform¬ 
ation  results  which  should  not  be  surprising  ( although  '.his  did  not  occur 
during  our  experiments) .  Some  further  features  of  the  statistic  and  addi¬ 
tional  comments  are  given  in  Appendix  B.  For  purposes  of  further  descrip¬ 
tion  of  results,  the  inforwation  quantity,  M,  will  hr.  used  as  defined  in 
the  foregoing  equation.  Returning  to  the  data  shewr.  in  Figure  9,  the  value 
of  M,  shown  on  the  right  hand  ordinate,  is  plotted  for  the  set  of  responses 
at  each  observing  distance.  It  way  be  seen  that  f±  the  nearest  distance. 
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yuds,  the  observer  gives  suxian  Inforastlon.  As  he  was  placed 
successive Ij  further  froa  the  target^  tha  value  of  M  falls  until  at  about 
200  yarda  it  reaehea  a  value  so  low  as  to  be  no  inforaation  at  all.  In 
the  aaterial  that  follows^  the  Inforaation  quantity  M  vill  be  used  to 
repreaent  observera*  lavels  of  perforaance,  and  by  direct  iapileation,  target 
visibility,  as  the  dapendent  variable  in  graphic  rapreaantation  in  a  aannar  { 
siallar  to  the  foregoing  exaaple. 

Besnlts  froa  the  apecific  seta  of  experiaants  follow.  These 
results  deal  with  detection  only,  and  inforaation  concerning  target  identi¬ 
fication  is  given  in  a  later  section.  Photogr^hlc  illustrationffor  several 
different  ej^riasntal  conditions  are  contained  in  this  report,  lot  every 
condition  could  be  photographed.  Reference  to  these  illustrations  will  be 
aade  at  the  appropriate  points. 
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A.  Expcrlatncs  With  Onifcm  Terrain  Background 


(1)  .  StarllKht  Illqulnatlon 

An  Initial  sat  of  expcriaents  studied  the  targets  under  this 
condition  with  three  observers*  However,  a  serious  error  in  procedure 
was  brought  to  light  and  these  data  were  discarded.  The  condition  was 
repeated  with  C.S.  as  observer  and  the  results  are  expressed  in  Tables 
I  A,  3  and  II  A,  B  for  the  M-48  tank  and  M-39  APC  targets .  Tables  I  A 
and  II  A  ahow  the  frequency*of 'response  data,  and  Tables  I  B  and  II  B 
ahow  latencies  for  the  respective  conditions .  In  Tables  I  A  and  II  A,  the 
figtxre  in  parenthesis  following  each  frequency  of  response  figure  is  the 
proportion  for  that  frequency  to  the  total  nu^er  of  observations.  Similar 
tables  are  given  for  the  reswining  experimental  conditions .  Figure  10 
shews  graphically  the  results  for  this  condition.  The  illumination  was  so 
low  that  the  anti-tank  gun  target  (referred  to  as  ATG  hereinafter)  could 
not  be  seen  from  the  observer's  booth  at  the  nearest  practical  disposition 
on  the  terrain  which  means  that  its  visibility  distance  would  be  less  than 
120  yards. 

From  Figure  10,  it  may  be  seen  that  the  tank  and  APC  show  a  very 
similar  pattern  of  loss  of  visibility  with  increasing  distance.  Both  remain 
fairly  visible  to  about  I90  yards  and  then  rapidly  are  lost  to  the  observer. 
It  should  be  noted  that  in  the  terrain  position  used,  the  targets  were  about 
ten  inches  (equivalent  of  30  yards)  lower  than  the  observer.  When  they 
were  nearer,  he  responded  to  a  disproportionately  larger  target  since  he 
could  see  more  over  their  top.  The  targets  could  be  seen  only  in  peripheral  ' 
vision  and  appeared  as  Indistinct  black  lumps  against  the  faintly  visible 
ground.  The  presence  of  any  non-uniformities  (as  will  be  noted  later)  made 
the  observers  task  coaq>letely  isq>o8sible.  It  is  Interesting  to  note  that 
under  this  worst  condition  of  visibility  but  with  a  uniform  surround  for 
the  target,  its  visibility  remains  fairly  good  as  far  as  it  does.  Discussion 
of  the  point  will  be  given  in  a  later  section,  but  ic  may  be  noted,  now, 
that  the  target  here  acts  much  as  in  more  basic  psychophysical  experiments 
with  reference  to  angular  size  cf  the  target  and  contrasts  present. 

(2)  .  Moonlight  Illumination 

Tables  III  A,  B,  IV  A,  B,  and  V  A,  B  show  the  results  for  the 
tank,  AFC,  and  AI6  targets  respectively,  under  moonlight  illumination. 

Figures  11,  12,  and  I3  show  these  results  in  graphic  form.  Figures  21  and 
22  show  the  vehicle  targets  for  this  condition.  It  may  be  noted  thi&t  under 
moonlight,  the  tank  does  not  appear  to  be  highly  visible  to  observers  at 
any  distance  shown.  The  nearest  distances  employed  in  this  instance  were 
the  first  found,  informally,  which  did  not  yield  high  or  perfect  detection 
levels.  Hence  at  7OO  yards,  for  C.H.  and  C.S.,  M  would  have  been  1.0. 

This  was  true  for  H.D.  at  about  600  yards.  Beyond  these  distances,  perform¬ 
ance  was  less  than  perfect  as  shown  in  the  figture.  It  was  noted  for  this 
target  and  the  others  as  well,  that  it  was  detected  entirely  in  peripheral 
vision  as  a  dark  target.  Issentially,  it  was  a  black  blob  which,  at 
increasing  distances,  was  very  hard  to  pin  down  and  was  never  seen  with 
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high  confidence.  In  the  later  discussion  section,  awre  consideration  will 
be  given  to  Che  pheroaenal  aspects  of  the  target. 

The  AFC  target  iq>pears  generally  to  be  a  little  sore  vlaibla  than 
Che  H-h8  tank  under  these  conditions.  This  finding  is  reversed  for  later 
searchlight  conditions.  Greater  observer  variation  is  sean  alsc  for  this 
target.  It  say  be  noted  that  observers  C.H.  and  C.S.  shov  a  reversal  in 
the  trend  of  their  data.  This  corresponded  to  a  raal  revarsal  of  a  phano- 
aenal  nature.  For  both  observers  Che  target  at  first  becaae  aore  difficult 
to  see  (with  increasing  distance)  and  then,  at  a  particular  dlst:;inee,  becaae 
anomolously  visible.  With  further  increases  in  distance,  the  target  becune 
impossible  to  see.  A  similar  phenomenon  was  noted  for  the  AT6  target 
although  it  is  not  as  well  reflected  in  the  data.  By  way  of  accounting 
for  such  reversal,  it  may  be  noted  that  while  the  target  surround  was 
relatively  uniform.  It  was  not  absolutely  so.  Thus,  at  a  sufficiently 
close  distance,  the  observer  saw  some  non^uniformities  in  his  field  of  view. 
By  virtue  of  the  relation  of  target  size  (and  shape,  probably)  these  residual 
non-uni formlcies  were  not  easily  contused  with  the  target.  However,  as 
the  viewing  distance  was  increased,  the  target  becasm  less  distinct  snd 
greater  confusion  was  possible.  However,  since  the  non>unlfoxmlties  in 
the  field  were  minimal,  it  is  probably  that  %rith  even  greater  observing 
distances,  they  went  below  threshold  leaving  the  target  soMwhat  more  visible 
because  it  was  then  in  a  virtually  uniform  background  in  cempariton  with 
the  earlier  situation.  This  would  give  rise  to  the  anomalous  result  noted 
and  attest  to  the  complexity  of  the  perceptual  Cask.  The  question  as  to 
Che  greater  visibility  of  the  AFC  compared  with  the  tank  is  reserved  for 
later  discussion. 

The  AIG  target,  as  shown  in  Figure  I3,  is  consider^oly  less 
visible  than  either  of  the  vehicles  used.  One  observer,  V.D.  continue'! 
to  report  the  presence  or  absence  of  this  target  with  some  accuracy  at  a 
surprisingly  great  distance,  but  in  general  from  400  to  ^00  yards,  it  was 
essentially  undetectable.  As  with  the  other  targets,  this  was  detected 
only  peripherally  and  was  only  a  dark  target. 

(3).  Searchlight  Illmmination 

Under  these  conditions,  the  targets  were  llluadnated  by  a  single 
searchlight  either  (a)  along  the  observer's  line  of  sight,  or  (b)  displaced 
from  the  observer  the  equivalent  of  73  yards .  The  searchlight  duration 
for  a  given  observation  was  1,  2,  4,  6,  or  seconds .  Also,  two  search¬ 
lights  were  used  each  displaced  the  equivalent  of  73  yards  on  the  right  and 
left  of  Che  observer  respectively.  The  two  lights  alternately  illuminated 
the  target  at  a  1-second  flicker  rate  and  provided  continuous  Illumination 
for  2,  4,  8  or  16  seconds.  Flgurec^  23  and  24  Illustrate  the  appjtarance 
of  the  AK  and  the  anti-tank  gun  and  crew  target  illuminated  by  a  single 
searchlight  displaced  to  Che  right  of  the  observer. 

Under  all  these  conditions  the  tank  and  the  AFC  targets  ware 
always  detected  even  at  1^00  yards  range.  For  this  reason,  extensive  data 
were  not  obtained.  The  ATG  target,  being  saaller  and  more  irregular  in 
shape,  was  never  detected  at  1^00  yards . 
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Coosldcring  the  AIG  target  farther^  when  the  observer  was  aoved 
to  1200  yards  froa  tha  target  and  the  searchlight  was  displaced  75  yards 
to  his  right,  tha  target  was  detected  fairly  easily  for  searchlight  dura¬ 
tions  as  short  as  k  seconds.  Kith  further  reduction  of  the  duration  of 
illiOBination,  performance  became  poorer  as  shown  in  Table  vi.  Two  features 
of  tha  task  were  noted.  First,  the  target  itself  was  not  detected,  but 
Instead  its  shadow,  thrown  to  the  left  was  seen.  This  was  in  distinction 
to  tha  fairly  visible  outline  of  the  vehicle  targets  in  addition  to  their 
shadows.  Secondly,  the  anti-tank  gun  and  crew  probably  could  be  seen  at 
aowswhat  greater  distances  if  sufficient  tiae  were  allowed.  The  effect 
of  reduced  illumination  tiae  was  to  given  the  observer  too  little  tiae  to 
seek  out  the  target .  There  were  few  false  positive  responses .  If  the 
observer  had  tiae  tc  find  the  target,  the  response  was  definite;  if  not, 
there  was  nothing  else  which  could  be  confused  with  it. 

One  further  set  of  observations  was  made  with  the  AT6  target 
under  these  general  conditions.  For  these,  the  searchlight  was  along  the 
observer's  line  of  sight.  At  1200  yards,  the  target  could  nor  be  seen  at 
any  duration  of  the  searchlight.  When  the  observer  was  moved  closer  to  the 
target,  it  suddenly  became  visible  at  betwen  9OO  and  1000  yards .  This 
appeared  to  occur  because  at  this  distance,  the  shadow  of  the  target, 
previously  concealed  behind  it,  became  visible  over  the  top  of  the  target. 

In  fact,  the  shadow  outlined  the  target  very  plainly  making  it  highly 
identifiable  in  comparison  to  when  the  shadow  was  visible  only  as  thrown 
to  the  side  by  the  earlier  searchlight  condition. 

The  effects  of  searchlight  flicker  were  studied  informally  in 
the  foregoing  conditions.  It  appeared  that  the  targets  were  so  visible 
under  all  the  searchlight  configurations  that  it  would  be  more  profitable 
to  reserve  extensive  study  for  these  targets  in  non-uniform  surroundings . 
Ihider  such  modified  conditions,  usual  field  conditions  would  be  more  nearly 
approximated  and  the  results  should  have  more  applicability.  It  was  noted, 
however,  that  with  flicker  the  observer  gained  an  advantage  in  that  the 
target  shadow  'Srig-waged"  and  became  a  little  more  noticeable.  The  question 
remained  at  this  point  as  to  whether,  with  other  objects  in  the  field  which 
would  become  more  noticeable,  confusion  might  occur  with  flicker.  Inform¬ 
ation  relating  to  this  point  is  given  in  a  later  section. 
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B.  Experlaents  Vlth  Mon-DolforB  Terrain  Background 


For  these  experlmnts,  the  terrain  was  aodlflad  to  add  bushes 
and  trees  In  the  areas  shown  In  figure  6.  The  observer  looked  for  the 
target  Ic  a  fairly  clear  alleyway  of  vegetation.  Three  target  positions 
were  used,  also  as  shown  In  Figure  The  different  target  positions 
permitted  an  evaluation  of  differing  degrees  of  non-unlformlty  of  Immediate 
surround.  The  target  In  the  "ald-fleld"  position,  used  In  the  moonlight 
and  searchlight  experiments  just  described,  was  still  seen  with  a  fairly 
uniform  surround.  Brush  and  trees  were  closer  for  the  "upper  fleld^ 
position.  Vhen  In  the  "tree  position",  the  target  was  seen  agalnst^close 
background  of  vegetation. 

( 1)  .  Hoonllght  Illumine _ jn 

j 

Results  for  sessions  with  the  M-h8  tank  target  In  the  mld-fleld  j 
position  are  given  In  Table  VII  A,  B  and  In  Figure  14  for  ebserver  C.H. 

The  appearance  of  the  target  is  seen  in  Figure  2^.  This  figure  may  be 
compared  with  Figure  21  to  note  the  changes  Introduced  by  the  terrain 
additions.  This  condition  Is  completely  similar  to  the  earlier  condition 
except  for  the  non>unlformltles  added  to  the  terrain.  For  this  reason,  it 
permits  a  comparison  of  results  showing  the  effect  of  the  non-unlformltles 
added.  The  present  results  show  that  the  target  Is  fairly  visible  up  to 
^00  to  600  yards  In  the  moonlight  alone.  Beyond  this.  It  loses  detecta¬ 
bility  and  by  700  yards.  Is  essentially  not  detected.  Referring  to  Figure 
II,  the  same  target  and  Illumination  with  a  uniform  terrain.  It  may  be 
seen  that  at  even  900  yards,  the  observers  were  still  responding  with 
fairly  good  accuracy. 

(2)  .  Searchlight  Illumination 

A  much  more  thorough  exploration  of  the  effects  of  searchlight 
Illumination  was  carried  out  for  this  condition  of  terrain  than  was  dona 
earlier.  Because  there  are  several  variables  idilch  can  be  manipulated  In 
this  situation,  the  results  can  be  organized  In  a  nusiber  of  different  ways 
for  presentation.  For  this  reason  the  several  reataining  tables  will  be 
cited  first,  and  data  drawn  from  them  for  more  meaningful  graphic  presenta¬ 
tion.  Table  VIII  gives  such  data  for  observer  C.H.  and  C.S.,  for  the  H-4d 
tanl*  In  the  upper  field  position  and  several  distances  from  the  observer. 

The  various  searchlight  configurations  are  shown  In  the  left  hand  column 
of  the  table.  SL-C  means  that  the  searchlight  was  projected  along  the 
observer's  line  of  sight.  If  the  searchlight  was  displaced  from  the  obser¬ 
ver,  this  Is  shown  as  to  distance  and  direction  of.  displacement.  The 
flicker  conditions  all  used  the  same  displacement  of  two  lights.  One  was 
the  equivalent  of  7^  yards  to  the  left  and  the  other  an  equal  equivalent 
distance  to  the  right.  For  the  flicker  sessions,  the  first  figure  Is  the 
duration  of  a  single  light  flash  and  the  scjQiid,the  total  continuous  time 
of  illumination.  Table  IX  shows  similar  Information  for  the  tank  target 
In  the  tree  position,  for  observer  C.H. 
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Table  X  above  raaulta  for  the  AFC  target  In  tbe  upper  field  posi¬ 
tion  in  a  like  mammx  foe  obaarver  C.H.  and  C.8.,  and  Table  21  gives  tbia 
iaforaatlon  foe  tbe  target  in  tbe  tree  position.  Data  for  tbe  reaaining 
target,  tbe  anti-tank  gnn  and  crev  are  abown  in  Table  XII  for  observer  C.H. 

llluatratlona  of  tba  appaaranea  of  the  vehicle  targets  illwninated 
bj  a  single  aearcbligbt  displaced  to  tbe  observer's  right  are  shown  ic 
Figure  26-29*  Figures  26  and  27  show  tbe  tank  ic  tbe  upper  field  position 
vitb  tbe  searebligbt  displaced  75  snd  I50  yards  respectively.  Figures  26 
and  29  are  sinilar  illustrationa  for  tbe  AFC  target.  Sualler  dlsplacensnts 
for  t^  aearcbligbt  cannot  be  ^otographed  readily  since  the  cansra  nust 
ba  closer  to  tba  target  than  tbe  searchllght||Mnce  interferes  with  the 
illuBiaation.  Illustrations  are  not  shown  for  targets  in  the  tree  position 
since  they  are  practically  iapossible  to  distinguish  in  a  photograph  at 
this  location. 

Coaibining  data  frov  Tables  VIII  and  IX  for  the  uost  aeaningful 
conparison  laada  to  Figures  I5,  16,  and  I7*  Figure  1^  shows  the  change 
in  visibility  for  tha  tank  with  increased  distance  of  the  observer  frov 
the  target.  This  eosqpsrlson  is  for  the  condition  in  which  the  target  is 
in  tbe  tree  position,  illualnated  by  a  single  searchlight  along  the  obser¬ 
ver's  line  of  sight  for  a  duration  of  k  seconds  per  observation.  It  nay 
be  seen  that  under  these  conditions,  performance  is  fairly  accurate  at 
1000  yards  but  gets  progressively  poorer  with  increased  distance. 

Sfnee  the  foregoing  information  is  all  for  the  searchlight  on  the 
observer's  line  of  sight,  the  effect  of  varying  its  dlsplscament  from  the 
observer  is  to  be  shown  next.  Ve  selected  the  single  observing  distance 
of  1350  yards  since  performance  was  relatively  poor  (M  «  .193)^ with  che 
expectation  that  displacing  tha  searchlight  from  the  observer  would  result 
in  some  degree  of  iuprovemsnt.  Figure  I6  shows  our  results  arranged  to 
show  such  effects.  Two  durations  were  euployed.  The  first  we  ea^yed  was 
4  saconds.  As  anticipated,  performance  improved  being  as  good  at  40  yards 
as  it  subsequently  was  at  75  yards  displacemsnt .  With  greater  displacement 
there  was  soms  loss  in  performance  ^Hiich  will  be  comuented  on  later.  It 
is  possible  to  show  the  effect  of  flicker,  hare,  also.  The  single  point 
labeled  l-sac-F.  4-sec-total  is  shown  for  this  purpose  and  is  noticeable 
lowar  than  the  4  second  continuous  illumination  curve  at  the  75  yards 
displacemsnt . 

The  second  curve  labeled  6-aec  duration  in  Figure  I6,  is  not  in 
error  although  it  at  first  might  appear  so.  After  results  were  at  hand  for 
tbe  4-second  condition,  the  8-second  condition  was  employed  to  assess  such 
further  iaprovemant  as  could  result  from  additional  time  to  search  for  the 
target.  Instead  of  iaprovsma  nt,  the  opposite  occurred.  This  result  was 
sufficiently  startling  that  it  was  checked  with  additional  observations, 
as  was  done  for  '■-ertaln  of  the  points  on  the  4-second  curve.  The  finding, 
to  ba  discussed  more  fully  later  on,  held  up  in  that  additional  obser¬ 
vation  time  sinply  degraded  performance  for  this  target  under  these  condi¬ 
tions. 
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Cooslderiog  that  the  foragoiog  rasults  night  ba  dua  to  uniqna 
eirctiastancat  in  idilch  tha  traa  backgroimd  bacans  nora  confnaing  with  addl* 
tlooal  obaarvlxig  tins,  tha  affact  of  both  duration  of  tha  saarchllght  and 
tha  background  nara  asaaasad  with  tha  targat  In  tha  uppar  flald  position 
as  shown  in  tha  naxt  figura^  I7*  In  this  figura,  tha  targat  distanea  is 
fixad  at  1312  yards,  it  was  nacasssry  to  nsa  tha  axtraas  distanea  baeansa 
at  naarar  distancaa,  parfomanca  for  tha  aora  opan  nppar-fiald  targat 
position  would  ba  practically  pazfact  avan  at  tha  shortast  saarchllght 
duration.  In  this  analysis^ curvas  are  shown  for  each  targat  position  and 
parfomanca  is  plottad  as  a  function  of  saarchllght  duration.  For  both 
targat  positionsj incraasing  tha  duration  of  tha  saarchllght  illunination 
only  laads  to  ia^rovanant  of  tha  obsarvar's  parfomanca.  Tha  diffaranca 
in  visibility  for  tha  targat  for  tha  two  locations  in  tha  tarrain  is  quits 
Ksrkad.  Also,  it  may  ba  saaa  that  tha  graatast  gain  in  parfomanca  is  for 
tha  targat  in  tha  nora  opan  position  and  occurs  aainly  within  10  saconds. 
Further  coumnt  will  ba  nade  later  relative  to  tha  latter  point. 

Tha  dashed  line  curve  shown  in  Figure  I7  allows  a  cowparison  of 
searchlight  flicker  at  this  point,  also.  Tha  flicker  data,  also,  are  for 
tha  targat  in  tha  uppar  field  poaition.  At  tha  to«;al  illunination  tlssM 
of  k  and  8  seconds,  parfomanca  was  definitely  batter  than  for  equal  contin¬ 
uous  illunination  durations.  !nie  shadow  of  the  target  quickly  "wig-wagad" 
tha  observer  to  a  detection  fron  this  relatively  opan  location  in  tha 
tarrain.  Vith  I3  saconds  total  flicker  at  tha  1-seeond  rata,  tha  task 
beesns  phanoninally  ante  difficult  as  reflected  at  tha  right  of  this  carve. 

Considering  next  Infomatlon  for  the  M-39  hPC  targat,  data  are 
shown  fron  Tables  X  and  XI  in  Figure  16,  I9  and  20.  In  Figure  16,  tha 
visibility  of  tha  AFC  for  two  conditions  of  searchlight  displacansnt  (8L-C 
and  SL-73~F)  i*  shown  as  a  function  of  distanea  of  tha  observer  fron  tha 
target.  It  nay  be  seen  that  with  the  sesxchlight  projected  on  tha  obser¬ 
ver's  line  of  sight,  the  target  is  detected  only  poorly  as  close  as  1000 
yards  cooparad  with  tha  Instance  where  the  searchlight  is  displaca^T?  yards 
to  the  right  of  the  observer.  For  the  latter  situation,  parfomanca  is  very 
good  to  nearly  1200  yards  and  then  drops  very  rapidly  to  bacona  as  poor 
as  with  the  first  configuration  of  tha  searchlight.  In  general,  tha  AFC 
is  less  visible  than  the  M-kd  tank  and  reasons  for  this  will  ba  given  in 
a  later  discussion.  It  was  possible  to  graph  two  additional  points  for 
flicker  conditions  in  this  figure,  also.  Vith  1-second  flicker,  parfom¬ 
anca  is  noticeably  poorer  than  with  continuous  illunination  for  tha  sans 
total  tlnn.  Vhan  the  flicker  rate  is  decressad  to  two  seconds,  parfomanca 
improves.  From  Table  XI,  it  itay  ba  seen  that  if  tha  2-sacond  flicker  is 
continued  for  a  total  of  6  seconds,  parfomanca  beconss  perfect. 

Tha  affact  of  differing  searchlight  durations  are  shown  in 
Figure  19  for  the  AFC  targv^t.  Data  are  shewn  for  two  observers.  For  this 
target  position,  increased  duration  resulted  in  improved  detection.  Two 
sets  of  flicker  observations  arc  shown  also.  Again,  for  a  targat  in  the 
fairly  open  upper  field  position,  soma  isiprovamant  is  noted  for  flicker 
::ooq>ared  with  the  condition  of  continuous  illumination. 
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Fignra  20  shows  ths  offset  of  sssrchllght  dlsplscsasnt  for  ths 
▲K  tsrgst.  In  Flgsrs  I9  It  slrssdy  has  bssn  shown  chst  s  substsntlsl 
isigrovsawnt  In  visibility  rssnlts  for  this  tsrgst  witsn  ths  sssrchllght  is 
displscsd  75  yards  to  ths  right  of  ths  obscrvsr,  ccwparsd  with  the  8L-C 
arrangswsnt.  Ths  prsssnt  Fignrs  indicstss  that  ths  iaprovsasnt  rssolts 
primarily  sftor  disp\scswsntsof  sbont  60  yards  hsvs  oecurrsdc  With  favthsr 
dlsplscsasnt  of  ths  sssrchllght,  as  with  ths  tank  tsrgst,  sows  loss  of 
visibility  sppssrs  to  taks  pises.  Also,  as  with  ths  tank  tsrgst,  ths 
snslosKNis  rssttlt  that  doubling  ths  duration  of  ths  sssrchllght  llluainstlon 
prodiicss  s  rsduction  in  psrforwanea  Isvsl  for  ths  obssrvsr  is  notsd^  although 
to  a  Issssr  sztsnt. 

Final  rssults  concern  ths  anti-tank  gun  and  crew  target.  Data 
for  ths  liwitsd  sta^  given  this  target  are  shown  in  Table  ZII .  Frow  this 
tab la  it  way  be  assn  that  at  approxiwately  9^0  yards  ths  visibility  of 
this  tsrgst  in  ths  fairly  open  upper  field  position  ranges  frow  good  to 
poor  depending  on  ths  searchlight  duration  and  displscanant .  Ths  best 
rssults  wars  obtained  from  ths  flicker  condition  shown.  However,  increasing 
ths  observers  distance  only  an  additional  200  yards  mads  the  target  very 
difficult  to  dstact.  Hhsn  ths  tsrgst  was  placed  in  ths  tree  position,  it 
bscft»*  iwpoasibls  to  detect  at  all  even  at  much  closer  distances.  Since 
ths  tsrgst  was  fairly  visible  at  as  great  as  a  range  1200  yards  under 
searchlight  illuminstion  on  the  earlier  uniform  terrain,  the  effect  of 
concsslmsnt  for  this  type  of  target  by  vegetation  is  fairly  well  demon- 
strstsd.  In  the  case  of  this  type  of  target,  if  thers  are  nearby  bushes 
or  trees,  confusion  results;  viewed  against  bushes  or  trees,  such  a  target 
readily  blendf;  Into  the  background  as  neither  the  tank  or  AK!  can  do. 

The  final  connents  in  this  section  concern  the  response  latency 
data  shown  in  certain  of  the  preceding  tables.  In  order  to  keep  this 
report  within  some  limit,  no  detailed  analysis  will  be  presented  of  these 
data  although  they  will  be  considered  further  in  fhe  next  section.  It 
may  be  seen  on  inspection  that  the  average  times  taken  by  observers  was 
fairly  consistent  depending  on  the  category  of  response  and  the  difficulty 
of  the  iflBMdlate  Ovbserving  task.  The  shortest  response  times  are  seen  in 
general  for  ’"yes",  target  present*  responses  while  the  false  positive, 
or  '"yes",  target  absent*  responses  generally  take  as  long  as  a  correct 
or  incorrect  "no"  response.  All  responses  tend  to  increase  in  latency  as 
the  observer's  task  became  more  difficult  due  to  increased  observing 
distance,  with  the  correct  positive  reaponses  increasing  the  most.  Over  j 

a  variety  of  conditions  it  may  be  noted  that  the  range  of  average  latencies 
was  from  as  short  batween  5  and  10  seconds  to  as  long  as  ^0  to  60  seconds,  j 
The  three  observers  differed  in  latencies  typical  of  their  responses. 
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First  to  bs  considered  ere  the  results  from  the  starlight  end 
awonllght  conditions.  It  was  noted  earlier  that  under  these  conditions 
tsrgets  were  phenooenally  darh  targets  (relative  to  their  background). 

An  observer  was  able  to  detect  then  only  by  using  peripheral  vision.  An 
observer's  ability  to  do  this  seemd  to  depend  upon  sotea  kind  of  scanning 
technique  in  which  a  dlstlcgulshable  terrain  feature  (such  as  a  particular 
patch  of  trees  la  the  eztresM  background)  was  used  for  relative  orientation. 
Hhen  atteapting  to  Judge  the  presence  or  absence  of  tb^  targat,  the  observer 
scanned  in  the  direction  of  the  orientation  feature  of  the  terraiu  but 
attended  to  the  pa.‘ipherally  aroused  aensatiois  in  the  area  idiere  the  target 
should  be.  Scanning  was  necessary  because  of  the  generally  indistinct 
appearance  of  terrain  features  even  under  aoonlight.  It  should  be  added 
that  since  between  the  observer  and  the  BK>del  there  was  easentially  a  void, 
nearby  terrain  features  present  lo  the  field  were  not  available  to  aid 
orientation  in  our  simulator  studies. 

When  observing  even  a  fairly  close  target  unde;  these  conditions, 
it  could  be  held  in  phenomenal  regard  only  a  short  time.  Then  the  observer's 
distance  was  Increased,  the  target  tended  to  appear  less  frequently  and 
disappear  oiore  rapidly.  The  limit  of  a  given  target's  visibility  was 
characterized  by  such  a  fleeting  appearance  that  the  observer  generally 
lacked  confidence  in  his  judgments  entirely.  All  observers  were  impressed 
by  the  "noise"  Inherent  under  these  conditions.  Although  the  terrain 
appeared  uniform  in  the  target  area.  It  was  very  diffuse  and  the  peripheral 
phenomena  sensed  often  were  as  convincing  when  the  target  was  absent  as 
lAen  it  was  present.  The  task,  generally,  was  very  difficult. 

It  was  noted  earlier  that  our  exploratory  experiments  of  the 
tank  target  in  moonlight  led  us  to  believe  that  we  bad  failed  to  achieve 
the  maximam  distances  for  detection  for  the  uniform  terrain  condition. 
Following,  we  developed  the  altered  procedure  reported.  In  connection 
with  the  later  findings  it  was  stated  that  the  target,  under  the  starlight 
and  moonlight  conditions  speared  to  behave  very  much  as  targets  in  a  more 
basic  psyihophyslcal  study  for  uniform  targets  against  a  uniform  background. 
To  supplement  this  point  It  may  be  ncted,  from  photometric  information, 
that  a  reasonable  value  for  the  tank  contrast  with  its  background  for 
starlight  and  moonllgnt  would  be  about  -.^0.  Considering  the  background 
to  have  a  luminance  of  10'^  foot  laoberts  and  given  this  target  contrast, 
the  minimum  visual  angle  for  the  target  to  be  detectable  at  the  ^0  percent 
level  of  probability  can  be  estimated  crudely  from  visual  detection  data 
(Ref.  7)*  Ihider  these  conditions,  about  40  minutes  of  arc  represents  the 
minimum  detectable  angular  size  of  a  target.  This  would  correspond  to 
the  AFC  or  tank  about  equally  well  at  about  ^00  yarda  from  the  observer. 
Under  these  conditions  our  targets  remained  visible  to  slightly  over  200 
yards  and  were  still  detected  very  occasionally  at  300.  The  complexity 
of  having  no  discrete  fixation  point  for  the  observer  and  having,  actually, 
a  relatively  non-uniform  field  of  view  (coo^xared  with  the  more  pure  psycho¬ 
physical  case)  make  for  losses  of  detectability  of  about  the  order  to 
account  for  our  results. 
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k  s^allar  analysis  aaida  for  Moonlight  conditions  shows  that  ths 
threshold  dataetlon  angls  would  ha  about  7  sdnutes  of  arc.  This  would 
corrjispona  to  the  width  of  one  of  our  vahlcla  targets  at  about  16^0  yards 
raai.a.  Agalni  rssldual  non-unlfomltlas  In  the  field  of  view,  lack  of 
dlserata  and  eonalatantly  optlnal  orientation^  and  other  conplezltlas  can 
be  cited  to  account  for  not  reaching  auch  an  extrsMe  visibility  distance 
under  this  condition  of  our  study. 

However^  under  the  above  Mentioned  conditions  we  have  shown 
visibility  distances  approaching  Units  of  chserver  sensitivity.  These 
results  exceed  the  perfonance  conventionally  expecte'*  -  seen,  given  only 
starlight  or  Moonlight  llluMinatlon.  Hhlle  sane  qualli  cations  will  be 
Made  shortly,  our  results  suggest  that  certain  observer  capabilities  along 
those  lines  sdght  be  worthy  training  objectives.  If  observers  could  take 
better  advantage  of  existing  natural  lllualnatlon,  possible  targets  nay 
be  located  prior  to  wore  revealing  active  observation  is  initiated  using 
searchlights . 

Probably  at  best,  under  starlight,  unaided  vision  Is  not  parti¬ 
cularly  helpful.  However,  given  added  skiltory  and  notion  cues  under  these 
conditions,  possible  targets  can  be  located  and  supplenentary  optical  aids 
eaployed  for  the  advantage  they  night  give.  Under  these  conditions,  when 
a  target  seens  probable,  even  a  brief  duration  of  searchlight  lllunlnatlon 
would  Make  the  detection  and  Identification  highly  certain. 

Under  Moonlight  lllunlnatlon  a  greater  range  of  visibility  was 
sean.  The  renarka  of  the  preceding  paragraph  are  considerably  wore  pert¬ 
inent  here.  The  observer  can  scan  a  fairly  large  target  area.  Since  he 
la  not  revealing  his  position  by  dclng  so,  an  .  allnlted  time  can  be 
provided.  (Actually,  for  a  given  area  detection  may  occur  In  a  fairly 
short  tins  so  observing  techniques  night  well  Involve  discrete  observations 
In  specified  areas) .  If  an  observer  has  had  the  advantage  of  previous 
reconnaissance  under  better  lllunlnatlon,  the  moving  of  a  target  Into  the 
area  nay  wall  be  seen  by  him  within  thet  Units  we  have  noted.  Optical  aids 
that  nay  be  adequat .  for  conplete  Identification  or  at  least  a  wore  certain 
detection.  At  ^1  distances  that  noon  lllunlnatlon  Is  adequate  for  soon 
degree  of  detection,  the  Increase  of  dtitectablllty  and  Identlflablllty 
with  added  searchlight  lllunlnatlott  Is  very  narked  (given  an  optimal 
searchlight  configuration,  of  course). 

TlWo  additional  questions  concern  our  findings  under  these  condi¬ 
tions  of  lllunlnatlon.  First,  to  whet  extent  are  they  representative  of 
idiat  may  be  expected  In  the  field.  Second,  what  are  the  roles  of  training 
and  motivation  to  achieve  such  results.  Following  discussion  of  these 
questions,  attention  will  be  given  to  the  factor  of  Identification  and  to 
the  degrading  effects  of  Increased  field  non-unlf omltles . 

With  reference  to  the  first  question,  above,  the  visit  of  the 
writer  and  observer  C.8.  for  the  field  studies  at  Fort  Knox  gives  some 
indication  of  an  answer.  During  the  first  run  of  the  evening  of  June  ZJ, 
the  noon  was  nearly  full  and  oriented  with  respect  to  the  target  area 
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alaost  ex/^ctly  as  in  our  sinxlator  studies.  I>uz5*^  this  run  it  was  possible 
to  look  for  >aither  so  M-48  tsnk  or  M-^9  AFC  target  at  distances  of  ^00^ 

70O;  lOOOp  ciT  1175  yards  after  they  aoved  Into  position  but  before  the 
searchlight  was  turned  on.  Dark  adaptation  could  not  be  optinal  because 
of  the  p?.*esecce  of  th«  searchlight  as  well  as  other  illusiination  in  the 
ob8ervir<g  area.  1.180,  there  was  a  wildly  dense  ground  fog  visible  In  the 
target  area.  However,  both  the  writer  and  C.S.  could  detect  the  presence 
of  the  tank  or  the  APC  at  ^00  and  7OO  yards  with  the  unaided  eye.  At 
500  yards,  detection  was  certain;  at  100  it  was  poorer  but  still  occurred. 

The  pzcceding  figures  coopsrs  well  with  oor  model  study  findings 
for  the  non~uniform  terrain.  Had  the  ground  fog  been  absent,  sowswhat 
greater  visibility  wcRild  have  resulted  although  with  the  highly  non> 
uniform  terrain  conditions  probably  not  much  iaprovement  would  be  seen. 

It  way  be  added  that  these  targets,  when  detected,  were  identifiable  using 
seven  power  binoculars.  Filially,  it  should  be  added  that  at  the  field 
test  and  in  the  model  study,  the  moon’s  angular  location  relative  to  the 
target  position  and  observer  was  optimal  for  target  detection  as  way  be 
inferred  from  Gordon's  study  cited  previously  (Ref.  3). 

The  roles  of  motivation  and  training  can  only  be  dlscnssed  In 
a  speculative  manner.  However  our  experiences  during  the  course  of  the 
studies  give  rise  to  definite  opinions  concerning  these  variables.  In  the 
first  place,  it  has  been  shown  that  trained  observers  in  psychophysical 
axparlnmnts  can  perform  better  than  a«ive  ^Ref .  6) .  In  tha  mora  cowplax 
field  aituation,  tha  dlfferrnces  between  trained  and  nntralnad  parfonwnce 
nay  wall  be  greeter.  During  our  eaxlieat  experiments,  tha  writer  (alraady 
a  "trained"  observer  in  the  general  sense)  probably  schiavad  peak  perform¬ 
ance  during  a  few  exploratory  secslons.  However,  observer  C.8.,  and 
subsequently  VJ).,  began  observing  sessions  reletively  naive  to  tha  nature 
of  the  task.  For  foiir  consecutive  two-hour  sessions,  observer  C.S.  could 
not  perform  better  then  chance  when  he  was  more  than  about  6^0  yards  range. 
Nearly  up  to  this  point,  his  responses  were  perfectly  accurate.  (One 
should  note  this  range  in  connection  with  comments  to  follow  concerning 
identificetion  of  targets,  later) . 

Following  these  sessions,  two  eddltional  sessions  resulted  in  a 
fairly  riq>ld  improvement  (within  each  session)  in  which  the  target  could 
be  detected  at  successively  greater  distances.  When  C.S.'s  performance 
became  stable,  he  was  able  to  give  some  detections  at  naarly  1200  yards 
rsnga.  His  account  of  tha  change  indicates  the  learning  of  appropriata 
scanning  and  fixation  techniques  and,  more  importantly,  to  "taasa  out" 
the  phenomenally  vague  and  intangible  target  from  the  unfamiliar  visual 
display.  Recalling  that  the  observer  was  not  infonaad  of  tha  accuracy  of 
his  responses  during  a  series  of  observations,  it  nuty  be  inferred  that 
more  rapid  lnq>rovement  would  result  with  Iranedlata  reinforcement  of 
responses.  Fairly  extensive  improvement  was  seen,  however.  Similar 
improvement  occurred  for  observer  WJ).  end,  in  addition,  he  did  not  laiproN'e 
substantially  until  he  became  willing  to  respond  affirmatively  even  though 
the  response  might  be  a  false  positive.  Following  this  shift  in  itotivetlon 
(or  set)  hie  iaqjrovement  was  nearly  as  great  as  for  C.S.  It  asay  be  noted 
in  the  figures  where  data  are  shown  for  the  other  observers  in  addition  to 
the  writer,  their  final  performance  was  as  good  or  better  then  the  writer's. 
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The  psesibir^ltjf'  of  x.  i&oCel  si  isolator  for  traiulng  purposes 

1*  evident  and  sbocld  be  cotsldtrid.  There  ISj  of  course,  precedent  In 
various  Instances  in  sllitsry  training  rrogross .  Once  constructed^  k 
model  einulatcr  offers  a  relatively  Ineypenslve  and  readily  available  means 
of  presenting  information  and  promoting  acquaintance  with  field  conditions. 
Conditions  can  be  highly  controlled.  Demonstrati one  of  the  capabilities 
of  an  observer  as  veil  as  better  exposition  of  techniques  eoiployed  are 
readily  possible.  The  step  is  surprisingly  short  from  a  veil  simulated 
field  situation  to  actual  field  conditions. 

Using  a  model  sintj^lator  for  training  purposes  requires  evalua¬ 
tion.  however^  in  its  own  right.  Pace  validity  is  high  and,  perhaps has 
been  misleading  in  rhe  past.  Earlier  programs  have  not  shown  clearly  that 
any  pactlcular  advantage  was  gained  by  observers  so  drained.  Such  failure 
in  the  past  has  been  due,  in  the  witer's  opinion,  to  first,  not  having 
specific  and  measurable  criteria  for  performance  as  objectives  during 
training,  and,  secondly,  not  having  similar  criteria  for  subsequent  evalua¬ 
tion.  Generally  it  has  been  agreed  that  such  devices  are  interesting  and 
motivating  but  the  actual  effects  on  field  performance  have  been  difficult 
if  net  impossible  to  evaluate.  Our  study,  as  an  investigation  of  observer 
capabilities,  is  quite  specific,  as  to  measurable  aspects  of  performance. 

(In  fact,  the  pattern  of  a  training  study  vas  reported  a  little  earlier. 
Having  at  hand  performance  data  ‘'c  one,  trained  observer,  it  was  possible 
to  continue  practice  on  the  part  of  new  observers  until  they  had  reached 
similar  levels  of  performance.)  Possibilities  for  training  use  certainly 
merit  considerable  further  investigation. 

In  our  original  outline  it  vas  noted  that  identification  data 
were  sought.  The  earliest  studies  shoved  clearly  that  the  vehicle  targets 
would  always  be  identified  as  such  without  confusion  with  the  anti-tank 
gun  and  crew  target.  This  was  because  of  the  difference  in  visibility 
distances  Involved  and  because  the  observer  was  generally  aware  of  the 
range  *-o  the  target  area.  Por  the  two  vehicles  under  moonlight  and  uniform 
terrain  conditions,  one  set  of  observations  were  taken  with  the  writer  as 
observer  to  estimate  the  maximum  range  at  which  each  vehicle  could  be 
identified.  The  AFC  could  be  distinguished  as  such  out  to  about  600  yards 
and  the  tank  a  little  further.  Actually,  in  both  instances  the  targets 
were  only  vaguely  identifiable  at  eve-'  shorter  ranges,  due  probably  because 
they  were  viewed  in  peripheral  vision  (about  b  degrees  from  central). 

Within  the  ranges  noted,  the  tank  had  a  .ague  humped  appearance  whereas 
the  AFC  was  squat  and  more  spread  out  in  appearance.  Beyond  the  ranges 
noted  the  targets  remained  readily  detectable,  as  shown  earlier,  but  quite 
indistinguishable . 

Data  presented  in  Figure  I4  showed  that  the  tank  visibility  under 
moonlight  in  the  non-uniform  terrain  condition  was  very  poor  beyond  about 
600  yards  although  it  had  been  considerable  better  for  the  uniform  terrain 
condition.  This  range  for  detection  in  non-uniform  terrain  appears  to 
correspond  to  the  range  for  identification  noted  above .  It  was  confirmed 
in  the  writer's  experience  that  when  the  terrain  was  non-uniform  the  task 
became  essentially  an  Identification  tssK.  Any  number  of  equally  detect¬ 
able  vl&u3l  stimuli  were  present  along  with  the  target  and  the  charac'ter- 
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Istic  shape  of  the  target  had  to  be  perceived  to  sone  extent  In  order  to 
achieve  any  accuracy  of  responding. 

When  the  nature  of  the  observing  task  Is  considered  for  the  search¬ 
light  conditions}  the  role  of  target  Identlf lability  becoMS  even  tsore 
pronounced.  Probably  for  sost  conditions  when  the  visibility  of  the  target  , 
used  was  less  than  perfect,  factors  of  confusion  with  other  visible  stlsaill 
were  basic  to  the  results.  This  Interpretation  Is  plausible  idien  the  detect¬ 
ability  of  the  targets  Is  assessed  as  was  done  earlier  for  the  conditions 
of  natural  illumination.  In  Figures  3C  and  3I  several  figures  show  the 
principal  photometric  values  which  can  be  assigned  portions  of  the  targets 
under  typical  searchlight  Illumination.  Figure  3I  shows  these  values  for 
the  APC  target  Illuminated  with  the  searchlight  at  ICXX)  yards,  displaced 
73  yards  right  of  the  observer.  Figure  23  shows  this  target  much  as  the 
observer  saw  it.  Two  aspects  of  the  target  are  evident  as  detection  features. 
The  horizontal  front  panel  and  treads  form  a  roughly  rectangular  bright 
target  against  a  somewhat  darker  background.  The  sloping  front  panel,  not 
reflecting  as  much  light  to  the  observer,  forms  a  roughly  equal  sized  rectang¬ 
ular  dark  target  with  the  background.  In  addition  to  the  target.  Its  shadow 
may  be  seen  and  this  forms  a  high  contrast  dark  target  with  the  rentalnlng 
background.  Considering  only  the  rectangular  areas  noted,  the  lighter  has 
a  contrast  of  about  .70  with  the  general  surroundings  and  should  be  detect¬ 
able  to  an  observer  at  about  3OOO  yards  range  on  the  same  line  of  sight. 

The  dark  target  area  has  a  similar  contrast  of  about  -.kO  and  would  be 
detectable  to  a  distance  of  about  2100  yards.  The  shadow  obviously  would 
be  more  detectable  In  these  terms  than  the  sloping  front. 

Such  an  analysis  is  more  difficult  for  the  trunk  and  will  not  be 
attempted.  Reference  to  Figures  26  and  3I  shows  similar  but  less  well 
defined  areas  of  high  contrast  with  the  background  and  within  the  target  as 
well.  Consequently,  such  analysis  If  successful,  should  show  this  target  to 
be  detectable  well  beyond  the  maximum  range  of  interest.  Of  course.  If  both 
the  observer  and  the  searchlight  are  moved  further  from  the  target  the  back¬ 
ground  level  Is  reduced.  To  some  extent  contrasts  may  be  changed  also. 
However,  this  reduction  in  level  of  Illumination  would  still  leave  the 
vehicle  targets  highly  detectable,  especially  If  their  shadows  are  visible 
as  well. 

If  the  targets  are  detectable,  in  principal,  at  ranges  where  we 
have  already  shown  their  visibility  to  be  quite  poor,  then  the  loss  of 
visibility  must  be  accounted  for.  Our  data  shown  for  both  the  tank  and  the 
AFC  In  the  successive  mld-fleld  and  tree  positions  support  the  contention 
that  as  the  background  beccnoes  more  non-uniform  "islblllty  suffers.  To  the 
observer,  the  task  becomes  an  Identification  task  because  not  only  can  the 
targets  be  detected  but  so  can  everything  else  In  the  Immediate  surround. 

The  problem  becomes  that  of  distinguishing  the  target  from  the  other  objects 
seen.  For  the  tree  position  this  Is  very  difficult  indeed.  These  terrain 
conditions,  incidentally,  were  very  similar  to  those  of  the  field  study  at 
Fort  Knox;  our  Informal  observations  in  the  field  with  searchlights  compare 
closely  to  our  results  from  the  corresponding  conditions  of  the  model  study. 
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Two  rosolts  for  aearchllght  conditions  wars  noted  wbich  may  be 
explained  wore  adequately  now.  First,  it  was  noted  that  the  tank  target 
was  wore  visible  than  the  AIC  under  searchlight;  illumination.  This  was 
particularly  true  for  the  targets  i^tl^tree  position.  Keference  again 
to  Figure  3I  shows  that  the  luminancl^f^ree  background  was  somewhat  lower 
than  the  terrain  ground  itself.  In  this  location,  the  sloping  front  of  the 
AFC  goes  to  lower  contrast  with  the  background.  Also,  the  vehicle  shadow 
may  be  lost  due  to  additional  ground  shadows.  This  leaves  only  the  smaller 
area  of  the  vertical  front  panel  and  treads  to  be  detected.  When  one  success¬ 
fully  locates  the  front  panel  under  these  conditions,  it  is  fairly  visible. 
However,  its  dismnsions  are  smaller  in  proportion  to  distinguishable  aspects 
of  the  lurroundings  and  much  harder  to  find.  Visibility  was  lost  accord¬ 
ingly. 

The  tank,  on  the  other  hand,  hss  its  internal  contrast  features 
distributed  to  fora  a  single  pattern.  Parts  of  the  tank  might  become  low 
in  contrast  with  the  tree  background  but  the  over-all  pattern  would  not  be 
changed.  Also,  the  tank  being  a  taller  vehicle  tends  to  overlay  its  shadow 
on  the  tree  background  more  than  the  APC.  Consequently,  it  seems  reasonable 
that  the  tank  should  be  more  visible  under  these  conditions  than  the  AFC . 

In  the  variation  of  searchlight  duration  described  earlier,  it 
was  noted  chat  for  the  moat  non-uniform  terrain  condition,  there  appeared 
to  be  an  optimal  observing  time.  Increased  time  beyond  this  aisount  actually 
appeared  to  handicap  the  observer.  The  writer's  experience  tells  what 
h^pened.  When  the  searchlight  came  on,  the  target  area  was  quickly  scanned. 
The  most  likely  thing  to  look  like  a  target  was,  of  course,  tne  target 
itself.  Hence,  if  enough  time  was  afforded  to  scan  the  target  area,  the  first 
impression  was  likely  to  be  correct  (regarding  the  presence  or  absence  of 
the  target).  If  more  than  this  time  were  allowed,  there  were  many  parts  of 
the  target  area  which  could  be  imagined  as  a  target.  The  tree  position 
target  location  was  a  veritable  "ink  blot"  situation  for  targets  if  one 
studied  it  for  any  length  of  tim.  Hence,  given  the  additional  time,  the 
observer  formed  a  Judgment  and  then  tended  to  lose  confidence  in  it  before 
being  required  to  state  it.  This  led  to  definitely  degraded  performance. 

Probably  the  optimal  duration  would  vary  among  observers  and  with 
the  specific  situation.  If  knowledge  of  the  probable  target  location  is 
good,  sosm  fairly  short  duration  of  the  searchlight  flash  may  not  only  be 
adequate  but  best  for  the  task.  In  our  studies  knowledge  of  target  location 
was  high.  We  always  found,  however,  that  a  searchlight  1-second  flash  was 
too  short  to  scan  within  the  area  illuminated,  and  2  seconds  quite  suurginal 
in  the  sasw  respect.  A  flash  of  U  seconds  appeared  optimal,  as  noted,  for 
targets  located  in  the  tree  position.  For  the  upper  field  condition,  greater 
visibility  ranges  were  obtained  and  it  was  evident  that  h  seconds  of  search¬ 
light  illumination  did  not  lead  to  as  confident  Judgments  as  when  8  seconds 
illusiination  were  provided.  Doubling  the  searchlight  duration  again  led 
in  no  case  to  any  further  substantial  ioiproveaient  on  the  tasks.  It  is  the 
writer's  opinion,  based  on  these  studies  and  observation  at  the  field  tests 
that  from  6  to  10  seconds  is  adequate  for  any  attempt  by  a  solitary  observer 
to  Judge  the  presence  or  absence  of  a  target  in  the  beam  of  the  searchlight 
if  the  probable  target  locations  are  reasonably  easy  to  identify. 
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The  effect  of  flicker  probebly  merits  much  further  study.  Some 
conclusions  csn  be  drctfn  from  our  experiments,  however.  For  tsrgets  In 
the  open,  flicker  rether  definitely  liiq>roves  detecteblllty  due  to  the  'Srlg- 
vsg"  effect.  In  part  this  may  be  due  to  the  feet  that  the  shadow  of  the 
target  may  be  detected  more  readily  than  the  target  itself.  Many  times  It 
is  probable  that  only  the  shadow  Is  seen.  Under  flicker  conditions,  the 
shadow  appears  alternately  at  one  boundary  then  the  other  boundary  of  the  | 
target.  Under  these  conditions,  two  borders  of  the  target  are  seen  In 
succession,  and  the  target  is  more  readily  perceived  as  such;  the  shadow, 
moving  with  flicker,  is  sot  mlsperceived  as  a  substantial  object.  With 
non-uniform  terrain,  however,  the  aame  factors  stay  make  every  bush  and  large 
rock  equally  loq>roved  in  visibility  and  lead  to  poorer  observer  performance 
instead. 

Cur  experience  with  flicker  showed  that  it  required  some  getting 
used  to.  Initially,  ^en  one  searchlight  came  on,  the  observer  would  scan 
forward  along  the  ground  path  of  the  light  beam.  As  this  went  off  and  the 
other  searchlight  came  on,  he  turned  his  direction  of  sight  to  scanning  the 
second  llgt-t  path.  This  resulted  In  considerable  overshooting  and  retracing 
which  was  confusing  as  well  as  fatiguing.  With  further  experience,  however, 
observers  found  that  they  slnqily  directed  their  line  of  sight  towards  the 
terrain  and  within  the  first  two  alternations,  would  lock-in  on  the  common 
area  of  ilium. nation.  In  this  regard,  the  1-second  flicker  rate  waa  always 
uncomfortably  fast  whereas  the  2-second  rate  was  quite  acceptable.  As  noted 
earlier,  when  flicker  was  continued  very  long  (l^  seconds)  the  observer 
became  confused.  This  probably  was  due  to  losing  fixation  within  the  field 
and  returning  to  the  less  efficient  beam-scanning  behavior;  at  least  in 
the  writer’s  experience,  such  a  tendency  was  compelling  on  the  long  durations 
of  l-second  flicker. 

Final  consideration  will  be  given  to  the  effects  of  differing 
searchlight  separations  from  the  observer.  In  nearly  all  our  experience. 
Increased  sepsratlon  from  searchlight  to  observer  results  In  Improved 
target  visibility  up  to  about  73  yards  separation.  Beyond  this  displacement, 
there  may  be  some  loss .  In  our  experiments  we  did  not  have  the  effects  of 
atmospheric  light  from  the  searchlight.  For  the  conditions  of  no  displace¬ 
ment  between  observer  and  searchlight,  we  have  obtained  artificially  high 
detection  levels  since  under  these  conditions,  the  observer  must  look  through 
a  substantial  veil  of  back-scattered  light.  This  veil  would  markedly  reduce 
contrast  for  the  target  and  also  affect  the  observer  visually  (adaptation 
level,  pupil  responses,  and  "eyeball"  veiling  glare)  In  a  very  adverse 
manner . 


While  observing  during  Fort  Knox  field  tests,  the  writer  was  ab!.e 
to  detect  a  tank  at  ^00  yards  by  moonlight  qlone.  When  looking  at  the 
same  target  along  the  searchlight  beam  (from  the  first  adjacent  platform) 
the  target  barely  could  be  made  out  at  all.  The  writer  then  attempted  to 
assess  the  range  of  this  Interference  by  moving  to  a  platform  about  10  yards 
displaced.  From  this  vantage  point  the  Immediately  adverse  effect  of  Che 
searchlight  seemed  drastically  reduced.  Of  course,  the  extensive  data  of 
the  field  stuly  bear  more  formally  and  adequately  on  these  considerations. 
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rtem  th*  observations  described,  however,  it  would  seen  that  insofar  as 
our  illusdnation  scaling  was  done  correctly,  the  searchlight  displaceaent 
findings  are  probably  adequate  except  for  the  SL-C  conditions  since  the 
task  confronting  the  observer  seeas  to  be  a  cooplex  Identification  task 
rather  than  a  sia|>le  detection  teak.  In  other  words,  aost  of  the  stiauli 
aay  be  far  enoagi^  above  detection  threshold  levels  under  the  conditions 
of  our  study  that  the  back  scatter  froa  the  seaxchlight  would  interfere 
seriously  only  in  its  iaaediate  neighborhood.  (Sosm  further  inforaation 
of  this  point  is  treated  in  Appendix  A.) 

As  noted  earlier,  because  of  liaitations  of  tiae  and  relative 
emphasis  given  to  studying  searchlight  fonas  of  illuaination,  no  study  was 
given  to  flare  illuaination.  Gordon's  research  (Ref.  3)  is  directly  rele¬ 
vant  to  flare  conditions .  In  getMral,  he  found  that  vher.  the  flare  was 
directly  behind  either  the  observer  or  target,  its  visibilify  was  best. 

As  it  was  displaced  to  the  side,  in  axiauth,  visibility  decreased.  Couspari 
sons  cannot  be  made  between  Gordon's  and  our  study  to  assess  relative  per- 
foraance  under  searchlight  and  flare  illumination.  Such  relationships 
probably  are  worthy  of  further  investigation. 
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APPQIDIX  A 


In  order  to  relete  the  o^del  slaaletor  etadles  better  with  field 
teat  date,  docuaentetlon  wee  obtelaed  for  the  Inherent  luadnencea  of  tergets 
end  their  beckgrouade  ee  need  In  the  field  teata.  Thla  docoentetlon, 
carried  out  by  Mr.  Pritchard  of  theae  Laboratorlaa,  waa  obtained  using  the 
photoelectric  telephotooMter  to  maaore  directly  the  lualnancea  of  targeta 
and  backgrounda  endar  the  field  conditlona  eaiplo3red. 

Two  polnta  of  coiqtarlaon  eay  be  made  froa  thla  docuaentaClon. 
Flrat,  the  degree  of  correapondenea  for  levela  of  llltaalnatlon  aatabllahad 
for  the  iBodel  nay  be  coapared  with  that  occurring  In  the  field.  Secondly, 
cooparlaon  oiay  be  auule  of  relative  contraata  for  aelected  portions  of  the 
targeta  and  backgrounds. 

With  regard  to  the  first  coeoarlson,  above,  only  two  sets  of  data 
from  the  field  teats  provide  the  desired  Inforaatlon.  This  waa  because  at 
the  tine  documentation  war*  obtained  In  thla  regard,  following  the  actual 
teata,  a  lladted  number  of  target  conditions  had  been  studied  when  the  last 
remaining  2^00  watt  searchlight  la^p  burned  out.  Tlie  remaining  documentary 
data  were  obtained  using  a  2000  watt  laa^  and  although  the  contrast  Inform¬ 
ation  la  of  use  In  comparison  with  model  simulator  conditlona,  no  absolute 
coll^>arlsona  are  possible. 

The  sets  of  docuaientary  data  obtained  whan  the  2^00  watt  laaip  was 
available  provide  the  comparts ona  of  Inherent  luminances  appearing  below. 

>.  Tank,  1000  yards,  observer  Post  6  (separated  from  searchlight  approxi¬ 
mately  IhO  yards) 

(luminance  In  foot  lamberts) 


Area  Measured 

Field  Study 

Model  Study 

(SL75  R)  . 

L  Track 

,0090 

.0154 

Center 

.0047 

.0088 

R  Track 

.0104 

.0183 

Turret 

.0058 

.0150 

L  Bkgnd 

.0106 

.0170 

Tank  Shadow 

.0029 

.0015 

R  Bkgnd 

.0104 

.0148 

Top  Bkgnd 

.0022 

.0150 

Bottom  Bkgnd 

.0018 

.0154 
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B.  Tsviif  7.000  yardSj  oiw«irv«r  Foot  1  (adjacoat  to  aaarchlight) 


Area  MBaaurad 

Field  Btndv 

Modal  Btnd^ 
(8L-C) 

L  Track 

.0780 

.0162 

Cantar 

.0^ 

.013k 

t  Track 

.OTkk 

.02kk 

Turret 

.0658 

.01k6 

L  Bkgnd 

.0780 

.0185 

t  Bkgnd 

.<780 

.0150 

Top  Bkgnd 

.0^ 

.CI50 

Botton  Bkgnd 

.C780 

.0166 

baolnatloii  of  tha  foragolng  xnfocaatlon  ahoaa^  flrat^  that  fairly 
cloaa  eorraapoadanca  raaalta  idian  aaaaoraa  vara  takan  vith  tha  aecrchlight 
displaead  at  Ita  —rlvtai  distanea  frov  tha  obsarvar  poot.  Tha  lualnance 
valaaa  ahovn  for  tha  aodal  target  are  ^prozlaataly  twice  corraaponding 
Maauraa  takan  in  tha  field.  It  la  poaalbla  :*.uit  greater  acenraey  cowld 
be  achierad  in  tha  wodal  atvdy  in  artanging  tha  aaarchlight  baas  to  cantar 
exactly  on  tha  target  and  lllnainata  it  with  peak  candle  power.  Thla 
poaalblllty,  at  laaat^  ia  conaiatant  with  tha  difference  noted. 

Hhan  tha  waaaitraa  ware  takan  with  tha  aaarchlight  vary  little 
diaplaead  frow  tha  obaarvar  poat,  ahown  In  tha  aacond  aat  of  data  above, 
tha  lowlnanca  valnaa  obtained  for  the  field  atndy  are  about  a  half  log 
unit  greater  in  each  Inatanca  cowparad  with  corraaponding  neaaarea  for  the 
■odal  alwnlator.  Thla  raault  ia  indicative  of  tha  affect  of  light  back* 
acattar  at  poaitiona  adjacent  to  a  aaarchlight.  Tha  telaphotowatar,  in 
tha  field,  received  a  conaidarabla  anount  of  back-acattared  light  wMch 
increaaad  tha  apparent  luwi  nance  for  aalactad  target  araaa^  and,  aa  wall, 
reduced  ccntraata  between  thaaa  araaa.  Due  to  the  abaanca  of  acalad 
atwoaphara  in  the  nodal  atudiaa,  theaa  af facta  ara  not  aaan.  Although  tha 
Inninanca  valuaa  for  target  araaa  ara  higher,  they  ara  vary  little  higher 
for  tha  8L-C  condition  eonparad  with  tha  SL  7^  t  condition. 

Tha  field  data  obtained  uaing  the  2000  watt  leap  My  be  uaad  to 
evaluate  tha  range  of  effect  of  aaarchlight  back-acattar  on  contraata. 

For  thia  purpoaa,  tha  luninanca  valuaa  obtained  at  ^00  yarda  for  tha  front 
center  of  the  AFC  and  alao  tha  aloping  portion  of  tha  front  ara  liatad 
below  aa  S5£5*.<r<id  at  the  firat  five  obaarvar  poata.  Foat  1  ia  adjacent 
to  tha  aaarchlight.  ApproxiMta  aaparationa  for  the  other  locationa  are 
ahown  in  paracthaaes. 


Oba.  Foat:  £l 

le(lOyda) 

#k(k0yda) 

Slope  Front  .100 

.023 

.017 

.013 

.011 

Canter  Front  ••0^ 

.023 

.022 

,018 

.013 

Ratio  (Contrast)  I.03 

1.00 

1.12 

i.:k 

1.12 
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Ftoa  the  precadlog  analysis.  It  ba  saaa  that  tha  high  Ineraasa 
In  luBlnanca  for  target  areas  due  to  searchlight  back-seattar  Is  easantlally 
gone  when  one  aoves  froai  Post  1,  adjacent  to  the  target,  to  Poet  2,  tan  yardi 
raaoved.  The  remaining  valoas  reflect  soae  farther  change,  bat  of  a  nnch 
saaller  Magnitude.  The ^contrastd^ noted  between  the  two  selected  target 
areas  Increase  with  greater  separation  of  observer  and  searchlight,  and 
cease  to  show  back>seatter  effects  at  Post  3,  20  yards  froM  the  searchlight. 
In  the  model  stadles,  the  searchlight  displacement  labeled  SL-C  womld  not 
have  the  realism  of  field  conditions  doe  to  the  absence  of  scaled  atswephere 
and  resulting  absence  of  back-scatter.  However,  If  displacement  of  10  or 
20  yards  Is  sufficient  to  obviate  back-scatter  effects,  our  other  condi¬ 
tions  should  otherwise  constitute  adequate  simulation. 

To  get  a  better  Idea  of  the  correspondence  for  target  and  terrain 
contrasts  between  tha  model  and  field  conditions,  the  following  comparison 
may  be  sude.  The  set  of  field  data  for  the  tank  measured  at  observer 
Post  3  (80  yards  displaced  from  searchlight)  msy  be  converted  to  relative 
values  by  determining  the  ratio  of  each  area  measured  to  tha  center  area 
as  a  reference  point.  This  leads  to  the  values  to  be  shown  shortly. 

Similar  treatment  Is  given  to  measures  on  the  model  simulator  for  the  tank 
at  the  equivalent  distance  for  the  similar  displacement  of  the  searchlight. 
These  values  are  shown  below  for  coiqparlson  with  the  first  set. 


Area  Measured 

Pleld  Tank 

Modal  Tank 

L  Track 

1.55 

1.66 

Center 

1.00 

1.00 

R  Track 

1.55 

2.00 

Turret 

1.12 

1.66 

L  Bkgnd 

2.00 

1.89 

Tank  Shadow 

CO 

.02 

R  Bkgnd 

2.00 

1.66 

Top  Bkgnd 

.89 

1.2h 

Bottom  Bkgnd 

1.55 

1.66 

It  would  appear 

that  the  Internal  contrasts 

for  our  tank  target 

are  a  little  greater  than  for  the  tank  In  the  field.  Also,  contrast  for 
the  tank  with  the  background  at  the  top  and  bottom  terrain  areas  is  greater 
for  the  model.  Terrain  at  the  sides  does  not  form  as  high  a  contrast.  In 
the  field,  terrain  ahead  of  the  tank  sloped  away  from  the  searchlight  and 
the  woods  behind  the  tank,  although  In  Its  projected  background,  were  quite 
distant.  Our  terrain  was  slnq>ly  more  uniform  In  a  relative  sense. 

The  contrast  of  the  tank  shadow  and  adjacent  parts  of  the  terrain 
and  target  is  much  greater  in  the  model  situation  than  in  the  field. 
However,  in  the  field  the  2000  watt  searchlight  lamp  provided  less  illumin¬ 
ation  on  the  target  and,  at  the  time  of  amosurement,  a  full  moon  t  is 
illuminating  the  terrain  also.  The  luminance  of  the  shadow,  in  the  field 
measurements  was  .002  foot  lomberts  which  could  be  due  to  moonlight  prim¬ 
arily  and  possible  some  space  light  present. 
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TIm  field  atodj  date  provide  e  baala  for  aaeli  sore  eztenalve 
ecaperlaona  thee  coa  be  etteepted  here.  Wth  the  exception  noted,  the 
eorreapoodenee  be  tee  an  andel  end  field  eondltlona  ^peera.  In  pbyaleel 
tenaa,  reaaonebly  eloae.  In  the  text  there  are  aeverel  polnta  of  coaparlaon 
la  teraa  of  obaerver  perfoexenee  aa  veil.  An  exaxlnetlon  of  ell  of  theae 
polnta  of  eon^-erlaon  la  neceaaary  to  deternlne  how  eneh  confidence  can  be 
given  to  the  ejctenalen  of  the  aodel  alwaletor  flndlnga  to  field  eondltlona. 
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The  darlvation  of  the  equation  for  M  ahown  In  tha  taxt  la  qnlta 
atralght  forward.  Wa  begin  with  tha  atataaant  of  aavaral  taraa  and 
ralationahlpa  aa  followa: 

(1)  l(S)  s  Initial  dagraa  of  nncartalnty  In  S 

(2)  ifl)  a  degree  of  nncertainty  In  E 

(3)  I(E|S)  a  degree  of  onccrtainty  in  coobined  E  and  S 
^(S)  «  degree  of  uncertainty  in  S  given  E 

With  (1)  and  (h)  we  have: 

(3)  -  l£(S)  a  extent  of  reduction  of  l(S)  given  knowledge  of  E 

(equivalent  to  atlaulaa  Inforwatlon  aalned  by 
knowing  E) 

Then,  frow  atandard  worka  on  Inforwatlon  theory: 

(6)  I(R)  +  I|^(S)  a  I(E,S) 

Adding  l(S)  to  each  aide  of  equation  (6)  and  changing  algna  laada  to: 

(7)  I(S)„  .  Ij(S)  a  1(E)  +  I(S)  .  1(E,8) 

Note  that  tha  left  hand  aide  of  (7)  !■  the  defined  term  (^).  Alao, 
becauaa  In  our  experlwenta,  on  a  given  obaervatlon  trial  the  atlwnlna  waa 
equally  likely  to  be  present  or  ebaent,  we  know  that  l(S)  a  1  bit.  Hence 
a  solution  for  the  right  hand  side  of  (7)  evaluates  l(S)  -  Ig(S)  and  gives 
us  the  stlsulus  Inforwatlon  gained  by  knowing  E.  To  accowpllsh  this,  ws 
substitute  for  I(E)  and  l(E,S)  as  follows,  using  response  data  to  obtain 
the  particular  probabilities: 

(8)  1(E)  a  -  [P(T)  log2  P(Y)  +  P(N)  logg  P(N)] 
and 

(9)  I(E,S)  a  -  [P(S.T)  log.  P(S,Y)  +  P(S,N)  log  P(S,N)  +  P(s',  Y)  log. 

P(S'  Y)  +  P(SJ  n)  logg  P(S’N) 

substituting  from  (8)  and  (9)  in  (7);  rewriting  l(S)  as  1,  and  using  the 
4^>proprlate  constant  to  convert  from  logarithms  base  10  to  base  2,  we  have: 

(10)  I(S)  -  Ia(S)  a  1  +  3.32  [-P(Y)  log  P(Y)  -  P(N)  log  P(N)  +  P(S,Y) 

log  P{S,Y)  +  P{S,N)  log  P(S,N)  +  P(S',  Y)  log  P(s'  Y)  + 

P(SC  N)  log  P(S'  N)] 

Designating  l(s)  -  I{^(S)  with  the  symbol  M,  as  the  measure  of  stimulus 
informatlcn  gained  by  luiowlng  R,  we  have  the  formula  cited  In  the  text. 
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Th<:  features  of  this  reletioaship  are  easily  shoim.  If  an  observer 
always  responded  "y^s",  we  would  of  course  gal-:  no  stlwulos  inforwatlon. 

In  terws  of  the  above  equation^  P(T)  >  1  and  P(ll)  s  0  which  gives  us: 

M  -  I  +  3.32  [-0-0  +  1/2  log  1/2  +  0  +  1/2  log  1/2  +  0]  •  0 

Also,  If  the  observer  Is  right  (S,T^  anil  (S^|n>  as  often  as  wrong  (S^  T) 
and  (  5),  M  «  0.  If  he  nakes  no  vxong  responses,  aadanai  stlwuliia  Inforw- 

atlc'^  Is  gained  and  Mai.  (This  would  be  true  If  no  right  responses  were 
wade,  also  the  systea  needs  soas  external  knowledge  of  accuracy  In  order 
to  decode  the  responses!) 

Since  the  seasure  M  was  derived  to  provide  a  basis  for  avoiding 
the  awblguous  effects  of  criterion  differences  In  the  3rea-no  procedure  used. 
It  would  be  well  to  Illustrate  the  relative  freedoa  of  this  waasure  with  an 
exanple.  Consider  two  sets  of  data.  The  target  has  been  presented  10  tlaas 
durlnfl;  20  observation  trlala.  In  the  firsts  an  observer  has  given  the 
folloirlng  responses: 


"Yes"  Target 

"Ho"  Target 

"Yes"  Target 

"Hd*  Target 

Present 

Preaent 

Absent 

Absent 

Prequency 

10 

0 

5 

5 

A  second  observer  gives  < 

these  respozises: 

"y^s"  Target 

"Ho"  Target 

"Yes"  Target 

"Ho"  Target 

Present 

Present 

Absent 

Absent 

frequency 

5 

10 

0 

s 

It  way  be  noted  that  the  first  observer  has  responded  "yes"  1^  tines  even 
though  the  target  was  presented  on  10  tines  during  the  20  trials .  The 
second  observer,  on  the  other  hand,  has  been  willing  to  respond  "yes"  far 
less  frequently.  The  first  has  a  high  false  positive  rate;  the  second  a 
low  rate. 

The  proportions  In  each  of  these  exaaples  are  treated  first,  by 
the  conventional  nethod.  The  detection  proportions  (from  "ves",  target 
present  responses)  Is  adjusted  In  terms  of  the  proportions  of  false  positive 
responses  ("yes",  target  absent).  Usually  this  Is  dope  by  employing  the 
following  relationship: 

P’  -  P-C 
1-C 

Where;  P”  s  corrected  detection  proportion 
P  >  raw  detection  proportion 
C  a  proportion  of  false  positives 


54 


The  Univereity  of  Michigan  •  Engineering  Sleeearch  Inetitute 

2699-l-y 


In  tem  of  the  above  equation^  the  first  data  set  would  have  to  be  repre* 
sented  by  a  corrected  detection  propor'rlon  of  1.00.  The  second  wocld  yield 
the  corrected  detection  proportion  of  .30. 

If  we  analyse  the  sane  two  sets  of  data  for  the  stlanlns  Infom- 
ation  qusntl:  j,  M,  we  would  find  that  not  different  but  the  sans  valtMS 
would  result.  For  each  data  set  M  would  be  O.3I.  Thus  if,  as  Is  possible^ 
the  »cts  are  frow  two  different  observers  in  the  saws  situation,  one  Is  not 
providing  wore  atiaulos  infonaation  than  the  other.  It  night  be  the  case 
that  the  first  observer  is  highly  willing  to  give  false  positive  responses 
whereas  the  second  is  highly  unwilling  to  do  so.  The  freedom  of  the  data 
neasure,  developed  in  inforaation  terns,  from  effects  of  such  criterion 
differences  becones  fairly  obvious. 

It  was  not  possible  to  analyse  the  infomation  atatistic  in  terns 
of  saaq>llng  and  bias.  Since  in  a  series  of  observations  the  target  was 
presented  on  30^  of  the  trials,  these  question  are  probably  not  serious. 

In  any  event,  our  measure  is  precisely  defined  and  appears  to  provide  for 
less  aidiiguity  in  interpreting  results. 


The  model  simulator 
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Figure  2.  Experimental  room  and  equipment 


Figure  U.  M-59  APC  scale  model. 


■  9^ 
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target  positions. 


Figure  8.  Map  of  non-uniform  target  field  and 
target  positions. 
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Figure  9.  Results  for  M-48  tank,  observed  on  uniform  terrain 
under  starlight  illumination,  showing  relation  between  fre¬ 
quency  of  response  data  and  information  measure  M. 


Figure  10.  Results  for  M-48  tank  and  M-59  APC,  observed  on 
uniform  terrain  under  starlight  illumination. 


Figure  11.-  Results  for  M-48  tank,  observed  on 
uniform  terrain  under  moonlight  illumination. 
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Figure  12.  Results  for  \t-59  APC,  observed  on  uniform  terrain 
under  moonlight  illumination. 


Figure  13.  Results  for  anti*tank  gun  and  crew,  observed  on  uni¬ 
form  terrain  under  moonlight  illuminuvion. 


Figure  14.,  Results  for  M-48  tank,  observed  on  non-uniform  terrain 
in  midfield  position  under  moonlight  illumination. 


67-68-69 


1000  ItOO  1400 

TAROCT  INSTANCE  (YOSJ 

Figure  15.  Results  for  M'48  tank,  observed  on  non-uniform 
terrain  in  tree  position  under  4*8ec  searchlight  illumination 
along  observer’s  line  of  sight. 


SEARCHLWHT  DISPLACEMENT  (YARDS  RISHT  OF  OSS.) 
Figure  16-  Results  for  M-48  tank,  observed  on  non-uniform 
terrain  in  tree  position  illuminated  by  searchlight  at  differing 
displacements  from  observer. 


(SECONDS) 

Figure  17.  Results  for  M-48  tank,  observed  in  differ 
ent  non-uniform  terrain  positions  under  differing 
durations  of  searchlight  illumination. 
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Figure  18.  Results  for  \l-59  APC.;  obser\ecl  on  non-uniform  terrain  in 
tree  position  under  4-sec  searchlight  illumination  at  differing  displace¬ 
ments  from  observer. 


OUNATION  OF  SEARCHU6HT  ILLUMINATION 
(SECONDS) 

Figure  19.  Results  for  M-59  APC.  observed  on  non-uniform 
terrain  in  upper  field  position  under  differing  durations  of 
searchlight  illumination.- 


SEARCHLISHT  DISPLACEMENT  (YARDS  RISHT  OF  OBS.) 
Figure  20.  Results  for  M-59  APC,  observed  on  non-tiniform 
terrain  in  tree  position  illuminated  by  searchlight  at  differ¬ 
ing  displacements  from  observer.. 
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Figure  21.  M-48  tank  on  uniform  terrain  (mid-field  position) 

under  moonlight  illumination. 


Figure  22.  M-59  APC  on  uniform  terrain  (mid-field  position) 

under  moonlight  d.llumination. 
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Figure  23*  M-59  APC  on  uniform  terrain  (mid-field  position)  under 

illumination  by  searchlight  75  yards  right  of  observer. 
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Figure  2k.  Anti-tank  gun  and  crew  on  uniform  terrain  (mid-field  position)  under 
illumination  by  searchlight  75  yards  right  of  observer. 


Figure  25.  M-U8  tank  on  non-uniform  terrain  (mid-field  position) 
under  moonlight  illumination. 


■umlnated  uy  searchlight  75  yards  right  of  observer 
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Figure  27.  M-48  tank  on  non-uniform  terrain  (upper  field  pos^t<on) 

illuminated  by  searchlight  I50  yards  right  of  observer. 
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Figure  29.  M-59  APC  on  non-unlfonn  terrain  (upper  field  position) 

illuminated  by  searchlight  15O  yards  right  of  observer. 


_ ^ _ 600  YDS. _ 

Figure  30.  Target  and  terrain  luminances  for  the  three  scale  model  targets  when 
illuminated  by  searchlight  along  observer’s  line  of  signt. 


1000  YDS. 

Figure  31.  Target  and  terrain  luminances  for  the  scale  model  vehicle  targets  when 
illuminated  by  a  searchlight  75  yards  right  of  observer. 
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PERCENT  OP  PEAK  C.R 


DEGREES 

Figure  32-.  Candlepower  distribution  for  simulated  searchlight 
beam  using  corrector  slide. 
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IThe  report  summarizes  experimental  studies  using  a  scale  model  simulator  to 
determine  visibility  distances  of  military  targets  under  certain  nighttime 
illumination  conditions .  The  experiments  concerned  jboth  detection  and 
identification  of  targets,  which  were  observed  along  ground  paths  under 
simulated  natural  and  artificial  nighttime  illumination.  The  studies  were 
intended  to  provide  a  basis  for  better  understanding  and  specifying  the 
stimulus  factors  that  influence  target  visibility  under  such  conditions. 
Photometric  data  were  used  to  relate  the  simulator  conditions  to  actual 
field  conditions.  , 
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